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Abstract 
The aldolase of a facultative thermophilic bacterium, Bacillus sp. was characterized. The sta-
bility of the enzyme was compared with those of E. coli aldolase and rabbit muscle aldolase. The ther-
mophilic enzyme belongs to class II of D-fructose-1.6-diphosphate aldolases. The thermophilic 
aldolase proved to be more stable than the mesophile. The substrate and 2-mercaptoethanol increased 
the stability of the thermophilic aldolase. 
Key words: Thermostable, aldolase, characterization. 
Introduction 
Microorganisms growing at elevated temperatures possess a higher intrinsic 
thermostability than their mesophilic counterparts. There are several explanations 
for the thermostability of proteins. The theory of transferable protective factors 
(KOFFLER, 1957) h a s no exper imenta l basis . AMELUNXEN a n d LINS (1968) verif ied the 
absence of stabilizing or labilizing factors. In vivo studies have revealed that the 
thermostability of some enzymes may stem from the interactions of the cellular com-
p o n e n t s (HACHIMORI e t al . , 1974; WEDLER a n d HOFFMANN, 1974). C o f a c t o r s , substra-
tes and monovalent or divalent ions may result in intracellular thermostability. 
According to other results, the reason for the thermostability may be the types and 
number of stabilizing forces such as H-bonds, apolar and ionic interactions operating 
i n the e n z y m e m o l e c u l e (CASS a n d STELLWAGEN, 1975 ; BRANDTS, 1967) . 
Thermophilic aldolase from Bacillus slearothermophilus has been investigated 
by JACK and HARRIS (1975). It is a dimeric Zn2+-containing enzyme, with a half-
life of about 30 min at 337 K. A gradual loss of activity was observed during the 
isolation, which could be prevented by adding Co 2 + ion to the buffers. The C o 2 + -
enzyme cannot be inactivated to any detectable extent during 80 min at 337 K. 
Our study serves the comparative investigations between the aldolase ofa facultative 
thermophile, Bacillus sp. JB-1 and two different types of mesophilic aldolases. The 
mesophilic enzymes were purified from E. coli and rabbit muscle, respectively. The 
thermophilic aldolase was characterized and the thermal stabilities of the three aldol-
ases and the effects of various cations and substrate on the thermal stability were 
investigated. 
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Materials and Methods 
Chemicals for general use were of analytical grade and were purchased f rom Reanal Factory of 
Laboratory Chemicals (Budapest, Hungary). Lysozyme was purchased from Serva Feinbiochemica 
(Heidelberg, F R G ) and Sephacryl-200 and Sephadex gels f rom Pharmacia Fine Chemicals (Uppsala 
Sweden). 
Cultural conditions. A facultative thermophile, Bacillus sp. isolated at our Depar tment and 
E. coli C-600 were maintained on 3% agar-agar. The thermophile strain was grown at 323 K with 
vigorous aeration in a medium containing 0.5% Yeast Extract Oxid, 1% glucose, 0.5% ( N H . ) , S O „ 
0.1% K H , P O „ 0.05% M g S O . x 7H.O, 0.01% CaCI,. The pH of the medium was adjus ted with 
0.1 M N a O H to 7.5. Under these conditions the cells reached the end of the log phase of growth 
within 6 hours. 
The E. coli cells were grown at 203 K with intensive shaking. The medium contained 1 % Bacto 
Tryp tone Difco, 0.5% Yeast Extract Oxoid, 0.5% glucose, and 0.5% NaCI in 0.1 M Tris/HCI buffer 
( p H 7.3). The cells reached the end of the log phase of growth within 16 hours. 
The rabbit muscle aldolase was prepared and recrystallized three times according t o TAYLOR 
et al. (1948). Its specific activity was 10 U/mg (in coupled reaction assay). 
Enzyme assay was performed according to the method of JAOANATHAN et al. (1956) o r with a 
coupled reaction assay in the presence of glycerol-3-phosphatedehydrogenase ( G D H ) a n d tr iosepho-
sphate isomerase (TIM) (RUTTER et al., 1966). In the first case the reaction mixture contained 7 nmole 
hydrazine and 12|imole D-furctose-1.6-diphosphate (FDP) in 0.1 M phosphate buffer ( p H 7.5). 
Measurements were carried out at 240 nm, at 298 K . 
T h e coupled reaction assays were performed in an assay mixture containing 0.1 m M N A D H , 
0.22 m M F D P , and 40 jig/ml G D H / T I M [the specific activity of G D H was approx. 130 U /mg in 
0.2 M triethanolamine buffer (pH 7.9)], at 298 K. 
Protein content of purified enzyme was determined spectrophotometrically. The absorp t ion 
coefficient was found to be A 0 1 % =0.62 for the thermophilic aldolase. The protein content fo r rabbit 
m u s c l e a l d o l a s e w a s t a k e n a s A 0 , 1 % = 0 . 7 5 r e p o r t e d by F o x a n d D A N D U K E R ( 1 9 5 6 ) . 
Thermal inactivation was carried out in 0.1 M phosphate buffer, p H 7.5, as previously described 
by SZAJÁNI et al., (1970). 1 ml aliquots of enzyme solution with protein contents of 1.0—1.5 mg were 
incubated at the selected temperatures, then cooled and centrifuged. 
Molecular weight was determined on Sephacryl-200 column (1.5X43 cm). Trypsin (Mw 23.800), 
hemoglobin (Mw 64.000), bovin serum albumin (Mw 68.000) and glucose oxidase (Mw 150.000) 
were used as molecular weight standards. 
Results and discussion 
PREPARATION OF BACTERIAL ALDOLASES. 
Cells were cooled to 283 K and centrifuged. 50 g cell paste was washed twice 
with 0.1 M phosphate buffer (pH 7.5), containing 0.9% NaCI. Cells were lysed by 
the addition of lysozyme (1 mg/g cells). The suspension was stirred in a water-
bath for two hours at 310 K, then overnight at 277 K. The lysis was performed 
too in french press (Aminco) at 20 000 psi cell pressure for 5 min. The degree 
of enzymatic lysis approached that of second method. Cell debris was removed by 
centrifugation at 20 000 g for 20 min. The precipitate was washed with the same 
buffer and the supernatants were collected. The crude extract was saturated up to 
0.5 with solid (NH4)2S04 at 298 K,and the precipitate was removed by centrifugation. 
The supernatant was further saturated up to 0.75 with ( N H J 2 S 0 4 , the precipitate 
contained high aldolase activity. The protein was separated from the salt on a Sepha-
dex G-25 column (2.5 X20 cm) which was equilibrated with 0.02 M phosphate buffer 
(pH 7.5). The active fractions were collected and passed through a DEAE-cellulose 
column (1 .5x11 cm) in 0.02 M phosphate buffer (pH. 7.5). The enzyme was eluted 
with the same buffer containing 0.2 M NaCI. The active fractions were collected and 
gel-filtered on a Sephadex G-150 column (2.5 X30 cm) equilibrated with 0.1 M phos-
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phate buffer (pH 7.5). The buffer contained 1 mM 2-mercaptoethanol in the case 
of the thermophilic enzyme, for without it the purified enzyme lost much of its 
activity during several hours. 
CHARACTERIZATION OF THE THERMOPHILIC ALDOLASE. 
The activity of the thermophilic aldolase has an optimum at 337 K and pH 7.5 
(Fig. 1; 2). The specific activity was calculated as 0.32 unit/mg; the value of KM was 




6.0 7.0 8.0 pH 
Fig. 1. Effect of pH on the activity of the thermophilic aldolase. The measurements were carried 
out in 0.1 M phosphate buffer with 0.1 mg/ml enzyme at 330 K. 
0.U 
0.2 
313 333 353 
Temperature (*K) 
Fig. 2. Effect of temperature on the activity of the thermophilic aldolase. The measurements were 
carried out in 0.1 M phosphate buffer (pH 7.5) with o.l mg/ml enzyme. 
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Fig. 3. Lineweaver — Burke plot for thermostable aldolase. Experiments were carried out in 0.2 M 
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Fig. 4. Determination of molecular weight of the thermophilic aldolase on Sephacryl-200 column 
(1.5X43 cm. )The proteins were dissolved in 0.1 M Tris/HCl bu f fe r (pH 7.5), containing 0.2 M 
NaCI. Standard proteins used were: trypsin, hemoglobin (Hgl), bovine serum albumin 
(BSA), rabbit muscle aldolase, glucose oxidase (GOD). 
The molecular weight of the thermophilic enzyme was determined as 80.300 dal-
ton which is in good agreement with that of bacterial aldolases (Fig. 4). 
The activity of the enzyme was not significantly enhanced by Zn 2 + , Mg 2 + , 
N a + or K + ions, but Co 2 + , Ni 2 + , Ca2 + , Mn2 + ions in I.OmM concentration in-
creased the activity (Table I). 
The effect of the Co 2 + ion concentration on the activity of the thermophilic 
aldolase is shown in the Table II. The highest activity was measured at 1.0 mM CoCI2. 
Considerable loss of activity occurred on the action of EDTA (Table III). This was 
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reversible, by the effect of 10 mM EDTA the enzyme was inhibited to 100%, but 80% 
of the activity was restored by adding 10 mM CoCl2. 
Thermal inactivation tests were carried out on the thermophilic and mesophilic 
aldolases. 
Table 1. Effects of different cations on the activity of the thermophil ic aldolase. Enzyme assays 
were performed in 0.1 M Tr is /HCl buffer , p H 7.5. T h e enzyme concentrat ion in the 
reaction mixture was 0.16 mg/ml. 
Relative activity % 
j o n s I o n concentra t ion 
0.2 m M 1.0 m M 
N i , + 89.4 141 
Zn»+ 97.6 82.3 
C a , + 105.7 135 
M g , + 105.7 70.6 
M n ' + 81.3 117.7 
C o i + 181.3 370 
N a + 105.7 100 
K + 105.7 88.2 
Fig. 5. Heat inactivation of E. coli aldolase ( O O ) rabbit muscle aldolase ( • • ) and the 
thermophilic aldolase (x x). The samples were incubated at various temperatures for 10 
minutes in 0.1 M phosphate buffer (pH 7.5). The protein content was 1.1 mg/ml. 
A comparison of the thermal stabilities of E. coli aldolase, rabbit muscle aldolase 
and the thermophilic aldolase is shown in Fig. 5. 
The aldolases from the mesophiles had similar thermal stabilities and their 
half-lives were comparable in the same range of temperature. When the protein 
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solution was incubated at 331 K in 0.1 M phosphate buffer (pH 7.5), the activity of 
muscle aldolase decreased to 50% during about 60 min, which is in good agreement 
with the data of ZAVODSZKY et al. (1972). 
Table 2. Effect of C o , + ion concentra t ion on the activity of thermophi l ic aldolase. T h e enzyme 
activity was measured in 0.1 M Tris/HCI buffer ( p H 7.5) with an aldolase concen t ra t ion 
C o , + ion concentra t ion Relative activity 
M % 
0-0 100 
1 X 1 0 - 155.1 
2 X 1 0 - 180.7 
1 X 1 0 - « 251.8 
2 X 1 0 - 265.1 
1 X 1 0 - 346.1 
2 X 1 0 - 322.0 
The thermal stability of the thermophilic aldolase highly saturated with F D P was 
modified by the substrate and the same effect was observed incubating the enzyme 
in 2-mercaptoethanol at 333 K (Fig. 6). These compounds markedly enhanced the 
stability of the enzyme. 
\ 
'0 20 30 to 50 60 
Time of preincubation (mini 
Fig. 6. Effects of substrate and 2-mercaptoethanol on the thermal stability of the thermophilic 
aldolase at 333 K. Heat treatment was performed in 0.1 M phosphate buffer (pH 7 5) con-
taining 1.2 m M D-fructose-1.6-diphosphate ( O O ) o r 1 m M 2-mercaptoethanol ( x — x ) . 
In the control samples the substrate and reducing compound were omitted f rom the protein 
solution ( • • ) . The enzyme concentration was 1.25 mg/ml. 
To summarise the results, the thermophilic aldolase isolated from a facultative 
thermophile, Bacillus sp., has a pH optimum of 7.5 at 337 K, the optimum tempera-
ture. Co ' + ions increased the activity. The aldolase was inhibited by EDTA. The ion 
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Table 3. Effect of E D T A on the enzymatic activity of the thermophil ic aldolase. The activity 
was measured in 0.1 M Tris /HCl buffer (pH. 7.5) at 298 K. The enzyme concentration 
was 0.16 mg/ml . 
Final molar of E D T A 
M 
Relative activity % 
0.0 100 
3 . 5 X 1 0 - « 73.5 
5 .5X10"« 48.6 
i . o x i o - » 30.1 
1 . 0 X 1 Q - ' 0.0 
dependence of the enzyme activity suggests that the thermophilic aldolase belongs 
to class II of D-fructose-1.6-diphosphate aldolases. Although this enzyme is similar 
to the aldolase of Bacillus stearolhermophilus reported by JACK and HARRIS (1975), 
which also shows a high affinity towards C o 2 + ions, addition of Zn 2 + ions did not 
increase the activity in our case. The thermal stability of the thermophilic enzyme was 
higher than that of the mesophiles. The thermal stabilities of E. coli aldolase and 
muscle aldolase did not differ significantly from each other. The thermophilic enzyme 
requires thiol compounds for stability, whereas the aldolase from E. coli has no such 
requirement (BALDWIN et al., 1978). The stabilizing effect of the thermophilic enzyme 
has been observed. A general assumption concerning the thermal stability is that 
the substrate and thiol compounds conserve or convert the enzyme to a thermally 
stable and active conformation. 
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EFFECTS OF HERBICIDES ON THE CYTOCHROME P-450 
CONTENT OF LIVER MICROSOMES IN CARP 
(CYPRINUS CARPIO L.) 
L . MARIA SIMON, L . BOROSS a n d J . NEMCSÓK 
Department of Biochemistry, Attila József University, Szeged 
(Received June 30, 1983) 
Abstract 
Ultracide (methidathion), paraquat and CuSO, were administered in 0.5-10 ppm concentrat-
ions to carp and the cytochrome P^t50 contents of the liver microsomes were determined. After 
treatment with CuSO, the cytochrome P-450 content increased. For paraquat and ultracide, decreases 
were observed after several days of administration. Alterations in cytochrome P-450 levels might be 
due either to direct action of the herbicides or to changes caused by them in the membrane structure 
of the endoplasmic reticulum. 
Key-words: herbicides, cytochrome P-450, carp. 
Introduction 
The extensive use of herbicides has increased the incidence of environmental 
pollution. Herbicides are among the most dangerous agents of water contamination, 
since they are used on or near the soil and in many instances in water for aquatic 
weed control. One property of many biologically active compounds such as drugs 
or pesticides is their ability to induce the microsomal enzyme systems of animals 
(CONNEY, 1967; MANNERING, 1968). Recent evidence has shown that the enzyme 
induction following herbicide treatment is the most sensitive parameter among the 
biological and toxic responses in mammals (CARLSON and SCHOENIG, 1980). Cyto-
chrome P-450, the carbon monoxide binding pigment of microsomes, serves as the 
terminal oxidase in the metabolism of a wide variety of substrates, including drugs, 
insecticides, chemical carcinogens, fatty acids and steroids (MANNERING et al., 1969). 
Two techniques frequently used to determine the potential for agents to induce micro-
somal enzyme systems are quantitative analysis of the haemoprotein cytochrome 
P-450 and measurement of the NADPH cytochrome c reductase activity. In its 
reduced form, cytochrome P-450 complexes with carbon monoxide and the complex 
exhibits an absorption maximum at 450 nm (ALVARES et al., 1967). Various chemicals 
have different effects on the quantity or activity of this cytochrome and these measure-
ments can usually be employed to characterize the agents. 
In an early report, BRODIE and MAICKEL (1962) suggested that microsomal 
drugmetabolizing enzymes might be absent in fish. Subsequent studies, however, 
have demonstrated the presence of various levels of oxidative drugmetabolizing 
activity in some vertebrate species of fresh water and marine origin, and also in in-
sects. CREAVEN et al. (1967) concluded that microsomal drug-metabolizing enzymes 
do occur in trout and amphibia but at lower levels than in mammals. The presence 
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of cytochrome P-450 in the microsomal fraction of trout liver was reported bv CHAN 
et al. (1967). 
The purpose of the present study was to characterize the effects of three kinds 
of herbicides, paraquat, CuS0 4 and ultracide, on the cytochrome P-450 content of 
carp liver. 
Materials and methods 
/ r „ Chemicals . Paraquat (1,1' -dimethyl-4,4 -bipyridylium dichloride) was purchased as G r a m o x o n e 
( ICI Plant Protection Division, England), which contains 24% of the herbicide in aqueous solut ion 
Methidathion (0,0-dimethyl-S-2-methoxy-l,3, 4-thiadiazol-5(4H)-yl-4-methyl-dithiophosphate) was 
obtained as ultracide (Ciba-Geigy A. G.) . All other chemicals were of analytical grade a n d were 
obtained f r o m Reanal , Hungary. 
C o m m o n ca rp (Cyprimts carpio L.) weighing 600-800 g were obtained f rom the Fisheries 
Research Institute in Szarvas, Hungary, and were acclimatised f o r at least 5 - 7 days before t rea tment . 
Herbicides were administered to the water of the fish in 0 .5-10 p p m concentrations. (The concent-
rations of herbicides were calculated on the basis of effective substances.) Carps were killed and the 
livers were removed. The livers were minced in ice-cold 50 m M Tris HCI buffer, pH 7.4 conta in ing 
0.25 M sucrose and homogenized to a final homogenate concentrat ion of 25% (w/v) using a glass 
Potter-EIvehjem homogenizer with a teflon pestle. Microsomes were prepared according to KAMATH 
and NARAYAN (1972). Protein content was measured by the method of LOWRY et al. (1951). Cyto-
chrome P-450 was estimated f rom the absorpt ion difference at 450 and 490 nm, by the appl icat ion 
of an extinction coefficient of 91 m M " 1 (OMURA and SATO, 1964). The difference spectra were 
recorded using a Pye Unicam SP spectrophotometer . The given values are the averages ± ( S . D ) 
f o r 3-5 fish specimens. 
Results 
EFFECT OF PARAQUAT 
In our experiments paraquat was applied in concentrations of from 0.5 to 7 ppm. 
After 24 hours of treatment the cytochrome P-450 content of the liver microsomes 











5 7 ppm 
paraquat-
Fig. 1. Effect of paraqua t in different concentrations on cytochrome P-450 content of liver. 
The values are averages of those measured f r o m 3-5 individuals as expressed in the percentage 
of the controls. 
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With the higher concentration of paraquat the cytochrome P-450 content of the 
microsomes was about 25% higher than in the control fish. This increase in haemo-
protein content, however, was not permanent and during longer treatment a secondary 
decrease was found. The time curve of the concentration of cytochrome P-450 in the 
2 % 
c o 








.5 2 5 8 days 
Fig. 2. Effect of 0.5 ppm paraquat on the level of cytochrome P-450 of carp liver microsomes. 
The values are averages of those measured f rom 3-5 individuals and expressed in the percentage 
of the controls. 
liver of f i sh treated with 0.5 ppm paraquat is shown in Fig. 2. It can be seen that on the 
second day the level of this protein is roughly equal to the original (i. e. untreated) 
value. During longer treatment with paraquat a significant decrease in the cytochrome 
P-450 content was observed. 
On the eighth day only 72% of the original value was present in the treated fish. 
EFFECT OF COPPER SULPHATE 
During the treatment CuS0 4 was used in 3, 5 and 7 ppm concentrations. After 
24 hours of administration the cytochrome P-450 level of the liver microsomes was 
increased (Fig. 3). At 5 ppm concentration an increase of about35% was measured 
in the treated carp as compared to the controls. A further increase in the concentration 
of CuS0 4 apparently had no further enhancing effect. 
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C 3 5 7 ppm CuSO^ 
Fig. 3. Changes in the cytochrome P^»50 content of liver af ter CuSO, treatment in vivo. 
In another experiment the effect of 0.5 ppm of C u S 0 4 was studied during a longer 
period. The level of cytochrome P-450 on the first day, of treatment was practically 
the same as in the untreated controls. However, on the second day the value was about 
20% higher and this value was also detected on the third day (Fig. 4). 
°/c 
1 5 0 -
o i n 
2 1 0 0 -
o L— 
- C l_J p 
50-
C 1 2 days 
Fig. 4. The action of 0.5 ppm C u S 0 4 on the level of cytochrome P-450 of carp liver a f te r 24 
hours of treatment. 
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EFFECT OF ULTRACIDE 
Changes induced in the cytochrome P-450 concentration of carp liver by ultra-
cide are shown in Fig. 5. After one day, the applied doses of this compound caused 
increases in the cytochrome P-450 level compared to the control values. After three 
and four days of ultracide treatment significant decreases were found in the cytochrome 
1 2 4 days 
Fig. 5. Effect of ultracide in different concentrations on cytochrome P-450 of liver. The values are 
averages of those measured f rom 3-5 individuals and expressed in the percentage of the controls. 
P-450 concentration. On the third day the cytochrome P-450 level was decreased to 
75—80% as compared to the controls for all applied concentrations. After four days 
of treatment the presence of cytochrome P-450 could be shown only in fish treated 
with 0.5 ppm of herbicide, and this value was about 7% of the original. A higher 
concentration of the herbicide resulted in the total loss of this haemoprotein. 
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Discussion 
Recently many reports have been published on the mechanism of paraquat 
action (MONTGOMERY, 1976; STEFFEN et al., 1980). Paraquat may alter the lipid 
metabolism and D N A and protein synthesis in the lung of rats. In an earlier paper 
we reported that paraquat could affect the glycogen metabolism of the liver in fish 
(SIMON e t al . , 1982). NEMCSOK et al. ( 1981 ) f o u n d m o r p h o l o g i c a l a l terat ions i n the 
liver of fish after paraquat treatment. Our results suggest that changes in the cyto-
chrome P-450 level of liver treated with paraquat might be due to damage caused 
by this herbicide in the endoplasmic reticulum membrane. 
As a result of studies in recent years it has become apparent that fish and other 
aquatic organisms are able to accumulate and retain trace elements from their en-
vironment. For both fish and mammals the liver is known to be an organ of consider-
able importance in the storage and uptake of metals (O'DELL and CAMPBELL, 1970) 
and it is also known to be the site of a number of detoxification functions. Metals can 
alter the enzyme activities of the liver. Lead, for example, is an inhibitor of the synthe-
sis of haeme in the liver, inhibiting 5-aminolaevulinate dehydratase (SCOPPA et al., 
1973) . 
Our results suggest that herbicides probably affect the synthesis of haeme in the 
liver or decrease the haeme oxidase activity, diminishing the turnover of haeme in 
the liver. 
Some agents are known to decrease the affinity of the apoprotein of cytochrome 
P—450 for haeme, so that some of the haeme present bound in cytochrome P 450 
at the time of poisoning will subsequently be released and made available for degra-
dat ion (JARVISALO et al., 1 9 7 8 ; BISSEL a n d HAMMAKER, 1976) . It is pos s ib l e that 
methidathion acts in the same way as the agents mentioned above. 
Our results show that the applied herbicides can alter the cytochrome P-450 
content of carp liver. Cytochrome P-450 is known to play an important role in the 
hydroxylation of various xenobiotics in the organism. Thus, every change in its 
concentration may result in a change of the liver's ability to metabolize xenobiotics 
in the body. However, it can not yet be stated for sure what causes the changes in 
cytochrome P-450 concentration. It is expected that future investigations will provide 
an answer to this question. 
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Abstract 
The uptakes of the auxin-type herbicide 2 ,4-D and the non-auxin-type atrazine into maize 
seedlings (Zea mays L. cv. Funk 350) and their effects on the potassium and phosphate uptake, were 
investigated at different p H values. Short incubation of the roots in 0.01 mM 2,4-D caused a marked 
ion uptake inhibition only at low pH. The non-auxin-type herbicide atrazine did not produce such 
an inhibitory effect. Lowering the pH of the uptake solution led to an increased 2,4-D influx by the 
roots, thereby inhibiting the active ion uptake. In the case of atrazine, the change of the p H had no 
influence on either the herbicide or the ion influx. 
Key-words: Auxin-type herbicide, "C-atrazine, 1 ,C-2,4-D, Cherenkov radiation, Conviron 
growth chamber, Funk 350, y-spectrometry, Low pH, Non-auxin-type herbicide. Nutrient solution, 
" P , Roots, " R b , Zea mays L. 
Introduction 
In the intensive maize production, atrazine, a non-auxin-type herbicide, is widely 
used for weed control. However, it does not kill all the weeds. After several years of 
application some weeds, such as Convolvulus sps. and Cirsium sps., can be spread 
to an extent which necessitates the use of 2,4-D, an auxin-type herbicide which is 
very effective against these species (AMMON and HERI, 1979). 
The chlorotriazines (i. e. atrazine, simazine, etc.) are readily taken up by the 
roots of plants, regardless of whether they are resistantor susceptible. Inexperiments 
lasting only a few hours, atrazine rapidly permeated potato tuber slices and excised 
ve lve t l ea f r o o t s (PETERSON a n d EDGINGTON, 1 9 7 6 ; PRICE a n d BALKE, 1982). B e c a u s e 
of this root uptake, chlorotriazines are used for preemergent treatment. The resistant 
corn roots, however, contain an active compound capable to inactivate atrazine and 
s i m a z i n e (KEARNEY a n d KAUFMAN, 1975). 
The phenoxy herbicides (i. e. 2,4-D, MCPA) showing auxin characteristics are 
also readily absorbed by roots (SCOTT and MORRIS, 1970; ZSOLCOS and HAUNOLD, 
1982). In a concentration of 10~4 M 2,4-D effectively stops cation uptake by wheat 
and rice (HAUNOLD a n d ZSOLDOS, 1 9 7 6 ; ZSOLDOS and HAUNOLD, 1979). It w a s recent ly 
found that the bio-activities of auxin compounds vary with the pH of the outer 
m e d i u m (KENNEDY a n d STEWART, 1980; ZSOLDOS e t al . , 1978) . 
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Materials and methods 
Maize seedlings (Zea mays L. cv. Funk 350) were used throughout the experiments. T o ra ise 
the plants, seeds were soaked in running t ap water for 3 hours and left to germinate on wet filter pape r 
in large Petri dishes. After 2 d i y s the young seedlings were placed on stainless steel screens and t rans-
ferred to a growth chamber ( C O N V I R O N - E F 7) or a controlled growth room and cultivated in a 
nutrient solution containing 5 X 1 0 " ' C a S O „ 1 0 " ' M N H . N O , and 10"« M N a H , P O , . Intact plants 
were used at the age of 8 to 14 diys . There were usually 5 plants on a screen. T o start an experiment , 
the screens with plants were placed on beakers containing 250 ml uptake solution. The up take solution 
contained the ions and the herbicides under study; the concentrat ions are given in the Figures. 
The nutrients and herbicides were labelled (10nCi " R b / 1 , 10nCi " P / l , and 10uCi U C/1) . 
After the uptake period the roots were rinsed three times in 400 ml distilled water for 1 min and their 
activities were then determined (ZSOLDOS, 1971). Postexperimental washing in inactive (1 m M K G + 
+0 .5 m M CaCI,) solution (5 min) was also performed to remove ions f rom the free space. It was 
found that the activity in the roots decreased by only 6-8 % compared to washing fo r 1 min in distilled 
water. In our case this difference had no special importance and the experimental material was 
therefore washed in distilled water. 
" R b activity was measured directly in the roots by ^-spectrometry. For " P measurement 
Cherenkov radiation was used. 14C was measured by LSC after the roots had been burned in a Packard 
sample oxidizer. All experiments were carried out on 3 parallel samples; the data given below a re 
the averages. The deviations between the data f r o m the individual determinations were within 10%. 
Results 
The uptake of K(88Rb) by intact maize roots increased with time and pH (Fig. 1.). 
In the presence of 2.4-D (0.01 mM) the uptake of K was reduced, the reduction being 
stronger at lower pH. When atrazine (0.01 mM) was present (Fig. 2.), the uptake of 
K was not impeded and increased both with time and pH. 
Fig. 1. Effects of 2,4-D on K ( " R b ) uptake by maize roots at p H 4 and 6.5. The uptake solution 
contained 5 x 1 0 " « M C a S O „ 10"« M MgSO„ 10"« M N H « N O , and 10"4 M N a H . P O , . 
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Fig. 2. Effects of atrazine on K( M Rb) up take by maize roots at pH 4 and 6.5. Otherwise as in Fig. 1. 
The P uptake increased with time and the decrease of pH. In the presence of 
2,4-D (0.01 mM) the uptake of P was reduced at both pH values, but relatively more 
at 4 than at 6.5 as compared to the control (Fig. 3). Atrazine (0.01 mM) did not 
exert much influence on the P uptake; the P uptake increased with time and decreased 
with increasing pH (Fig. 4). 
[ Z D Control 
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Fig. 3. Effects of 2,4-D on P uptake by maize roots at p H 4 and 6.5. The uptake solution contained 
5 X 1 0 " 4 M CaSO«, 10"« M NH.H.PO«, 10"4 M K N O , and 10"« M MgCl,. 
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Fig. 4. Effects of a t razine on P uptake by maize roots at p H 4 a n d 6.5. Otherwise as in Fig. 3. 
The uptake of 2.4-D (0.01 mM) by maize roots increased with time and was 
higher by a factor of 20 at pH 4 than at 6.5. Only 1/700—1/500 of the amount taken 
up at pH 4 was translocated; the amount translocated increased with time. At pH 6.5 
the translocation amounted to 1/600—1/300 of the uptake (Fig. 5). 
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Fig. 5. Effects of p H on uptake of "C-2 .4 -D and its t ransport within maize plants. The up take solut-
ion contained 0.01 m M 2.4-D + 5 X 1 0 " 4 M C a S O , + 1 0 " s M KCI + 1 0 " 4 M MgCI, a n d 10" 4 M 
N a H , P O , . 
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tude at the two pH values. Compared to 2,4-D, the atrazine uptake at pH 4 was 
30 times and at pH 6.5 2 times lower. Of the atrazine taken up at pH 4, 1/160— 
1/80 was translocated, compared with 1/120—1/30 at pH 6.5 (Fig. 6). 
Fig. 6. Effects of p H on uptake of u C-at raz ine and its transport within maize seedlings. The uptake 
solution contained 0.01 raM atrazine. Otherwise as in Fig. 5. 
An increase of the atrazine concentration (0.1 mM) in the bathing solution 
resulted in an increased uptake and translocation; the apparent pH differences were 
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Fig. 7. Effects of pH on uptake of "C-atrazine and its transport within maize seedlings. The uptake 
solution contained 0.1 m M atrazine. Otherwise as in Fig. 5. 
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Discussion 
The results obtained with the auxin-type herbicide on the ion uptake by maize 
roots at different pH values (Figs. 1 and 3) essentially agree with those found for 
wheat and rice (ZSOLDOS et al„ 1978; ZSOLDOS and HAUNOLD, 1982). Since 2 ,4-D was 
markedly more strongly absorbed at pH 4 than at 6.5, the inhibition of the ion uptake 
was to be expected (Figs. 5 and 1). The inhibition of the K uptake increased with time 
as the 2,4-D concentration in the roots increased, too. Earlier work had shown that 
active ion uptake by roots was blocked at a 2,4-D concentration of 0.1 mM, a con-
centration which was likely to be reached within 2 hours of absorption. 
Though phenoxy herbicides are readily absorbed by roots at low pH, the trans-
location to the shoots tends to be restricted (Fig. 5). These results are in full agreement 
w i t h data f r o m t h e l i terature (CRAFTS a n d YAMAGUCHI, 1960; SCOTT a n d MORRIS, 
1970; ZSOLDOS and HAUNOLD, 1979). The poor translocation of root-applied phenoxy 
herbicides apparently results from their strong retention by living cells during their 
passage through the symplast (Loos, 1975). 
As regards atrazine, which is a herbicide of the non-auxin-type, no impeding 
influence on the ion uptake was observed. The herbicide itself was readily taken up 
by the roots, though it did not reach the same concentration as 2,4-D (Figs. 5 and 6). 
Since maize is able to inactivate this herbicide quickly (KEARNEY and KAUFMAN, 
1975), the ion uptake proceeded unimpaired; this was the case even when the atrazine 
concentration in the roots increased by a factor of 20—30 as a result of raising the 
herbicide concentration in the bathing solution from 0.01 to 0.1 mM. After one hour 
of uptake the atrazine content of the roots per 1 g d. m. had reached 2—3 ¡¿mol, 
the phosphate content 3—4ii.mol and the potassium concent 20(imol (Table 1). 
The roots without herbicide treatment took up similar amounts of K and P. 
Table I. Effects of 0.1 m M "C-a t raz ine on ion uptake af ter 1 h ( the values given are in omol/n 
d. m. in the roots) 
K P "C-a t r az ine 
control herbicide treatment control 
herbicide 
treatment — 
p H 4 20 21 3.2 4.2 2.5 
p H 6.5 22 28 2.6 4.1 3.1 
As far as practical agriculture is concerned, the nutrient uptake by maize plants 
will not be affected even if the atrazine concentration in the soil solution reaches 
0.1 mM; furthermore, the pH will not be critical. With 2,4-D, the nutrient uptake 
is very much reduced in acidic soils if the herbicide in the soil solution reaches a 
concentration of 0.01 mM; this should be kept in mind when applying the weed 
LTIIIAI- J 9 
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Abstract 
Authors studied the membrane-bound ATP-ase activity, K* uptake and 2,4-D sensitivity o . 
young wheat roots, and compared the transport characteristics of the excised roots and intact plants. 
The obtained results could be summarized as follows: 
1. The 0.01 mM 2,4-D in the uptake solution evidenced greater inhibition of the ATP-ase 
enzyme functioning in the case of the excised roots than in that of the intact plants. This 
inhibitory effect was always found to be more expressed in the plants grown in 5 X 1 0 * ' M 
CaSO, solution than in those grown in complete nutrient solution. 
2. The Viets-effect as well as the effect of the various stress factors was demonstrable both in the 
case of excised and intact plants, however, in the latter case the K+ uptake stimulated by 
C a s + , and the K + content was higher. 
3. The differing transport-phenomena experienced between the excised and intact plants could 
be explained by the joint effect of the various environmental factors and the excision. 
Key-words: excised and intact roots, ATP-ase activity, ion uptake . 
Introduction 
The excised roots have been since long the favoured experiment! objects of 
researchers dealing with ion transport (EPSTEIN, 1972). Nevertheless, it is also known 
that under certain conditions the ion uptake of the excised roots may vary from that 
of the intact plants (GLASS, 1978; PARRONDO et al., 1976). It has frequently been 
experienced in our own experiments that the results obtained with excised roots 
show greater variation than the results of experiments carried out with whole plants. 
SACCOMANI et al., (1981) have reported that the uptake of sulphate ion shows great-
er variation in the case of excised maize roots than in the case of intact plants. The 
measurements regarding the bulk of the sulphate pool also provide differing results 
in correlation with the type of plant used in the experiment. 
During the course of our experiments the transport characteristics of the excised 
roots and intact plants were compared from several view-points. 'I he preparable 
membrane-bound ATPase activity, the changes taking place in the enzyme on the 
effect of pH stress and 2,4-D were studied. The Ca2+-activated K + uptake as well 
as the pH-dependency of the process was also examined. 
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Materials and methods 
Wheat seedlings were used for the experiments (Triticum aesiivum L. cv. GK-Szeged). The plants 
were grown according to the conditions reported on earlier (ZSOLDOS et al., 1978). In accordance with 
the character of the experiments the nutrient solution was 5 X 10~* M CaSO, and modified Hoagland 
nutrient solution, respectively. For the comparison of the transport-phenomena of the excised roo ts 
and intact plants, one part of the plants was placed in the uptake solution series (containing 5 mM 
K.C1, 0,5 m M CaCi, in the presence and absence of 0,01 m M 2.4-D) in intact condition (shoot and 
root system together), in the other part only the excised roots were placed in the solution series. 
The p H of the solutions was checked at the beginning and end of the experiments and the up take 
systems were regularly bubbled. After 3 hours the amount of K+ uptake was measured (ZSOLDOS 
et al., 1978), the ATP-ase enzyme of the root was prepared and the activity was measured according 
to data published earlier (ERDEI et al., 1977). The experiments were repeated three times and the 
present paper comprises the results of a characteristic series. 
Results and evaluation 
Figure 1 demonstrates the transport ATPase activity of the intact plants. On the 
upper part of the Figure (A) the data of the roots grown in 5 x 10"4 M CaS0 4 are 
shown, while the lower part (B) demonstrates the results of plants grown in Hoagland 
nutrient solution. Leaving the wheat roots in uptake solution of pH 4 for a period 
of 3 hours resulted a higher activity of the prepared ATPase enzyme than in the case 
of the roots of pH 7. Comparing the plants kept in CaS0 4 and nutrient solution, 
in the latter case the enzyme activity was found to be higher than pH 7. There was a 
significant difference in the change of activity observed on the effect of 0,01 mM 
2,4-D. In the case of the plants grown in CaSÓ4 an inhibition of 28% was measured 
at pH 4, while this was 20% in the case of the plants grown in nutrient solution. 
It was of further interest that at pH 7, 2,4-D did not cause significant changes in the 
case of CaS04-grown roots, while the degree of inhibition was found to be 15% in the 
case of those grown in nutrient solution. 
Comparing the results with the data of Figure 2 further interesting differences 
are gained. T i e growing of the plants and the setting of the experimental systems was 
the same as tne previous, only in present case excised roots were used. The inhibition 
of 2,4-D was much more expressed than in the case of the intact plants. The higher 
ATP-ase activity measured at acidic pH also appeared in these experiments. Regarding 
the roots kept in CaS04 (pH 4) in the presence of 0,01 mM 2,4-D, the enzyme activity 
was lower by more than 40%, and by 30% in the case of the plants kept in nutrient 
solution. At pH 7 an inhibition over 17% was measured in the case of the CaS0 4 -
grown roots, contrary to the intact plants where these was no significant change. 
Opposite effect was experienced also in the case of the roots grown in nutrient so-
lution; a stimulation of low degree was observed regarding the excised roots, while 
an inhibition of more than 15% was obtained in the case of the intact plants. 
According to the earlier studies 2,4-D, at acidic pH, significantly inhibited the 
NH4+, N03~, K + and phosphate ion uptake of excised wheat roots (ZSOLDOS and 
HAUNOLD, 1979), as well as the K + , NH4+, and NOS~ uptake of excised rice roots 
(ZSOLDOS and HAUNOLD, 1982). Since the active ion uptake takes place demonstrably 
on the ATP-ases localized in the membrane or with the intervention of ATPase-like 
prote ins (LEONARD a n d HOTCHKISS, 1 9 7 6 ; T Ó T H , 1 9 8 0 ; ERDEI et al. , 1982) , t h e c h a n g e s 
in transport could also be concluded from our present investigations. 
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Fig. 1. M e m b r a n e - b o u n d ATP-ase activity of 1 week old wheat roo t s (Tri i icum aestivum L . cv. 
GK-Szeged) g rown in 5 X 1 0 " * M C a S O , (A) and modified Hoagland nutr ient so lu t ion (B), 
a t vary ing p H and in the presence and absence of 0,01 m M 2,4-D. T h e u p t a k e solu t ion con-
ta ined 5 m M K + a n d 0,5 m M C a , + , the experimental period was 3 hours . In tac t plants were 
used in the exper iment . 
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control 
pH U pH 7 
Fig. 2. Membrane -bound ATP-ase activity of 1 week old wheat roo t s (Triticum aeslivum L . cv. 
GK-Szeged) g rown in 5 x 1 0 - ' M C a S O , (A) and modif ied Hoag land nutrient so lu t ion (B), 
a t varying p H and in the presence and absence of 0,01 m M 2,4-D. The u p t a k e solu t ion con-
tained 5 m M K * and 0.5 m M C a , + , the experimental per iod was 3 hours . Excised r o o t s were 
used in the experiment . 
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Fig. 3. K + uptake of excised and intact wheat roots in the presence and absence of C a a + , besides 
varying p H conditions. The uptake solution contained 5 mM K + and 0,5 mM C a l + , the experi-
mental period was 1 hour. 
Figure 3 shows the development of the K + uptake measured in the presence 
and absence of Ca 2 + , in the case of excised roots and intact plants. It could be deter-
mined that in the case of the intact plants, the Viets-effect (VIETS, 1944) — that is 
the K + uptake stimulated by Ca2 + — was more expressed in every case and in general, 
the K + uptake was higher than in the case of the excised roots. 
On the basis of our results it could be concluded that although the excised roots 
— due to their easy handling — were rather ideal experimental plants for the studies 
on ion transport, the results obtained are not always in accordance with the happen-
ings taking place in the intact plants. The obtained results show a greatly higher 
variation and contrary effects may be measured many times. The excision of the root, 
the separation of the root system from the shooting — the ceasing and modification, 
resp., of the xylem and phloem transport — is such a stress factor which influences 
the physiology of the roots; in the present case, the transport characteristics. Since 
there are plants probably sensitive and less sensitive to stress effects, the Question 
necessitates further studies. 
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Abstract 
Basal parts of isolated alfalfa shoots were placed in distilled water, and in aqueous solutions of 
proline, IAA, and ABA; they were standing there in light during 24 hours. Water uptake and trans-
piration of the shoots standing in ABA and proline solution were lower and quantity of bound water 
higher than those of the shoots standing in pure water. After the 24 hours of absorption the shoots 
were laid out fo r two days (also in light) subjecting them to a sublethal water-deficiency. This stress 
caused in the shoots standing previously in distilled water a 410% increase of the total amino acid 
content as compared to the shoots dried immediately after cutting off. An additional 56% increase 
of the total amino acid content was observed in the shoots which absorbed previously proline and 
a 15% increase in the shoots which absorbed previously IAA. According to these result proline may 
have an important role in the watereconomy of the shoots — as IAA and ABA do . 
Key-words: ABA, IAA, Medicago saliva, Proline waterdeficiency stress. 
Introduction 
It was already established that when shoots of herbaceous plants are cut off 
and laid out in light after loosing the greater part of their water content the total 
free amino acid concentration considerably increases (LEWITT, 1980; PALEG and 
ASPINALL, 1981). Under the influence of the stress of water loss the proline is the 
amino acid the concentration of which increases in the highest degree (BATES et al., 
1 9 7 3 ; TYMMS a n d GAFF, 1979). DASHEK a n d ERICKSON ( 1 9 8 1 ) a n d FELLENBERG 
(1981) observed that during the first 6—8 hours of the development of waterdeficiency 
from the active components of the shoots the concentration of IAA-oxydase and of 
ABA abruptly increases, and at the same time the quantity of IAA considerably 
decreases. Besides the high ABA concentration considerably increases the synthesis 
of free proline in the leaves (PALEG and ASPINALL, 1981; QUARRIE and HENSON, 1982; 
RAJAGOPAL, 1981; TJANKOVA et al., 1982) established that exogenous proline increa-
ses the stomaresistency of leaves. Authors investigated how exogenous ABA, IAA, 
and proline changes water-economy of isolated alfalfa shoots in the caseofabuindant 
water supply. They also investigated the effect of these substances on the free total 
amino acid content of the shoots during the development of a sublethal deficiency 
of water in two days. 
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Materials and methods 
Four weeks old shoots of Medicago sativa var. Europe growth under opiimal condit ions were 
cut off and weighed in five groups each containing 50 pieces (fresh weight) .The shoots of one 
group were immediately dried (dry weight, without any manipulat ion) . The shoots of other f o u r 
groups were put (basal parts below) in aqueous solutions of ABA ( 4 X 1 0 " 1 M), IAA (10~4 M), 
proline (4.3X 10-» M) and in pure distilled water. Absorption was performed 24 hours in constani 
illumination (22 W m-" ) , temperature was 26 °C and relative humidity 60 per cent. After 24 hours 
it was determined by weighing how much water was absorbed. Thereafter the shoots were laid out 
and constantly illuminated for two days causing sublethal water deficiency. Subsequently the shoots 
were weighed, then split up and dried at 70 °C. Amino acids were determined from the air dry matter 
with the aid of a "BIOCAL BC 200'" automat ic analyser. Soluble total protein was extracted f rom 
the live-wilted shoots with tris-buffer (pH 7.5) and determined according to Lowry et al. (1951). 
Results and discussion 
The IAA solution induces epinastic flexoions of alfalfa shoots proving the entry 
and efficiency. Closing of the stomata was observed in every two hours by microscope. 
In 6 hours ABA caused a total closing, while proline caused about a 50% decrease 
of the stomatal opening. Accordingly the agents found entrance into the shoots. 
Quantity of the absorbed water also shows considerable vitality of the isolated shoots 
during the 24 hours incubation (Table 1.). 
Table 1. Effect of biologically active substances and the proline on water economy and on 
soluble total protein content of isolated alfalfa shoots in the case of considerable water 




D a t a relate to 100 g fresh weight of alfalfa 
shoots 
Tota l protein 
as related t o the 










a f te r two days of 
water deficiency 




Control _ 19.3 20.4 
Water absorpt ion 
live-wilted 117.2 12.8 104.4 46.5 19.3 19.6 
ABA absorpt ion 
a n d live-wilted 80.1 15.4 64.7 53.6 19.3 19.5 
IAA absorpt ion and 
and live-wilted 121.6 13.1 108.5 46.7 19.0 20.4 
Proline absorpt ion 
and live-wilted 89.2 17.9 71.3 52.4 19.5 20.7 
(Average deviation being below ± 5 per cent ; n = 4 ) . 
According to the data in Table 1. the shoots in ABA solution absorbed 31.6% 
less water than the controls standing in pure water. It is surprising, however, that 
also absorption of proline caused a considerable (24%) decrease of water absorption; 
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this was already mentioned by FELLENBERG (1981) and RAJAGOPAL (1981). Order 
of quantity of the water evaporated by the shoots corresponds to the quantity absor-
bed. Quantity of bound water is the highest in the presence of proline which shows 
that proline is effective not only trough the control of the stomatal openings but also 
through other physiological factors (PALEG and ASPINALL, 1981; TYANKOVA, 1982). 
According to VAN DE DIJK (1981) in connection with drought-resistance it should 
be considered that an identical level of „outer water deficiency" produces a lower 
grade of "inner water deficiency" in varieties better adapted to drought tolerance. 
Table 2. shows changes in the free amino acid content. 
Table 2. Changes in free amino acid content in isolated alfalfa shoots as effected by water, 
ABA, IAA and proline solutions in the case of considerable water deficiency. Control 
was dried immediately af ter cutt ing off. 
Amino 
acids Control 
Substances absorbed fo r 24 hours 
Wate r ABA IAA Proline 
mg/g dry matter 
Asp 1.50 4.51 4.57 4.52 5.76 
T h r 0.59 1.76 1.21 1.34 1.67 
Ser 0.95 3.31 3.68 3.57 3.65 
Asn 1.66 4.24 3.75 4.28 5.17 
Gin 1.30 2.55 2.45 3.54 8.40 
Pro 0.35 12.03 17.16 13.29 26.64 
Glu 2.08 6.47 6.54 6.41 8.37 
Gly 0.58 3.46 3.45 3.83 3.58 
Ala 1.13 3.18 3.63 4.15 4.32 
Val 0.51 1.79 2.05 3.40 3.16 
Cys 0.36 1.17 1.28 1.27 1.55 
Met 0.34 1.09 1.15 1.60 1.63 
lie 0.42 2.26 2.28 2.75 2.77 
Leu 0.66 2.85 3.14 3.66 3.84 
Tyr 0.49 2.15 2.06 2.02 2.73 
Phe 0.47 2.03 2.15 2.56 3.18 
T r p 0.20 0.92 0.89 1.15 1.16 
Lys 0.51 1.52 1.62 1.87 1.93 
His 0.53 1.88 1.76 2.33 2.41 
Arg 0.40 2.47 2.54 3.31 4.34 
Total amino 
acids 15.03 61.64 67.36 70.85 96.26 
(Average deviation being below ± 5 per cent ; n = 4). 
According to the data of Table 2. during the development of lethal water defi-
ciency the total amino acid content of the shoots absorbing previously pure water 
increased 410% as compared to that of the shoots fixed immediately after cutting off. 
The concentration of proline became thirtyfourfold. The highest differences were 
produced by the water deficiency. Exogenous proline caused an additional 56% 
increase of the total amino acids. At the same time IAA caused a 15% while ABA 
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a 9% additional increase of the total amino acids as compared to the shoots standing 
in pure water. In the case of ABA increase of the total amino acids is nearly totally 
attributed to the increase of proline. 
Authors conclude that in alfalfa shoots proline induces in the water economy 
and thereafter during the development of the water deficiency in the total amino 
acid content similar changes as do IAA and ABA. Moreover, opposite tendencies 
of the effects of IAA and ABA seem to becombined in the effect of proline. Authors' 
data prove that proline considerably facilitates tolerance of water deficiency. At the 
proline-type plants (PALFI et al., 1974) we have established that a high proline con-
centration is advantageous and we are supporting that as follows: 
1. The hygroscopic nature of proline and its water-fixing capacity is the highest 
among all the protein-forming amino acids. Its water-solutibility is standing in the 
first place, too: at syntheses and transaminations, the most frequently involved 
glutamic acid is soluble 192-times, and aspartic acid 300-times more poorly in water 
than proline does. It may therefore be in the tissues of plants in a dissolved, active 
state, even in the more and more decreasing water. 
2. During hydrolysis the free amino acids with 6n HC1, for 24 hours, at 110 °C, 
under pressure — in the presence of K N 0 3 as oxidizer — every protein-forming 
amino acid was decomposed, except for proline. The proline-stability is extremely 
high. 
3. Proline, during its being formed from glutamic acid, is storing reducing 
energy coming from photosynthesis and that gets released after the water deficiency 
being ceased and proline reverting to glutamic acid again. Owing to this redox 
property, proline has a respiration-influencing role, as well (LEWITT, 1980; PALEG 
a n d ASPINALL, 1981). 
4. The high concentration of free proline in the tissue and pollen — as compared 
with the other amino acids — is favourable to growth because it is less toxic, as we 
have proved that with germinating experiments carried out under sterile conditions 
and with an oat coleoptil test (PALFI et al., 1974, 1981; PINTER et al. 1979). 
5. In addition, proline is an important component of the proteins of the cell 
wall during growth and division of the cells. But following its incorporation it is 
converted to hydroxyproline (DASHEK and ERICKSON, 1981; FELLENBERG, 1981; 
LEWITT, 1 9 8 0 ; PALEG a n d ASPINALL, 1 9 8 1 ; PALFI et al . , 1 9 7 4 ; TYANKOVA et al . , 1982) . 
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ANGABEN ÜBER DIE BIOLOGISCHE U N D HEILENDE 
WIRKUNG DER HÉVIZER TORFMOORSCHLAMM-DERIVATE 
UND IHRER HUMMUSSTOFFE 
G . PÁLFI 
Lehrstuhl der Pflanzenphysiologie der Attila József Universität, Szeged 
(Eingegangen am 15. 8. 1983) 
Zusammenfassung 
Wir untersuchten die biologischen Eigenschaften des Hévizer Teiches und den Torfmoor-
Schlamm in der Keszthelyer Umgebung und suchten dabei einen Zusammenhang zur Heilwirkung. 
Dabei stellten wir fest, dass der mit Heilwasser bedeckte Torfmoor-Schlamm einen wesentlich nied-
rigeren Gehalt an Gesamtstickstoff enthält, als man ihn auf Wiesenmoor findet, der mit Wasser 
nicht bedeckt ist. Wir zeigten, d i s s nicht nur der Schlamm des Teiches solch grossmolekulare organ-
ische Stoffe, wie die Humussäuren enthält, sondern auch das Thermalwasser in gelöstem Zustand. 
Die bedeutende biologische Aktivität der Schlamm-Derivate wird nit der Stimulierung des Keim-
pflanzenwurzel-längenwachstums um 50-100% bewiesen. Das Abwelken von isolierten Weizen-
trieben in hypertoner Salzlösung gelang uns auf biologischem Weg mit den organischen Stoffen des 
Hévizer Torfschlammes zu antagonisieren bzw. durch die Hilfe seiner harten aktiven Strukturen. 
Die baktericide Eigenschaft des Schlammes zeigten wir anhand der Agardiffusionsmethode in zwei 
verschiedenen Testbakterien. 
Die baktericide Wirkung des Hévizer Schlammes wurde auch mit den gewonnenen "sauberen 
Huminsäure Derivaten" reproduziert. Die aufgezählten biologischen — bzw. baktericiden Wirkungen 
spielen wahrscheinlich im Verlauf der Thermal-Schlamm-Behandlung eine Rolle in Hévíz. 
Schlüsselwörter: Torfmoor-Heilschlamm, Gesamt-Stickstoff-Inhalt, Huminsäure, biologische 
Aktivität, baktericide Wirkung, die Mikrostrukturen des Schlammes. 
Einführung 
Der Naturteich in Héviz ist auf Grund seiner Fläche (3,6 ha) und seiner Tiefe 
(36,8 m) der grösste in Europa. Dieses schwefelhaltige, schwach radioaktive 1 hermal-
wasser enthält viele Arten wertvoller Mineralsalze. Die vielen gelösten anorganischen 
chemischen Zusammensetzungen und die biologische Wirkung im Thermalwasser 
und im Schlamm kennen wir schon (BREZNAY, 1970; STRECKER, 1970; ZSIRAI und 
STRECKER, 1970 usw.) Ähnliche Salzzusammensetzungen wie in Hévíz kann man auch 
in anderen Schlammen Ungarns finden. Wodurch können wir nun dem Schlamm 
des Hévizer Teiches eine besonders intensive biologische Aktivität zuschreiben? 
Der Hévizer Schlamm und das Thermalwasser unterscheiden sich dadurch von 
anderen Thermalgewässern, weil am tiefsten Teil des Teiches wasserreiche Quellen 
heraussprudeln, die den Teich ständig in Bewegung halten. Das pausenlos strömende 
Thermalwasser kann mit dem sich auf dem Boden befindenen Torf-Moor-Schlamm 
in Wechselwirkung treten und kann dadurch anorganische und grossmolekulare 
organische Stoffe auslösen, darunter auch Huminsäuren (GUPTA et al., 1982). 
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Nach der völligen Zermalmung der harten Schlamm-probe-Strukturen bzw. 
nach ihrer Homogenisierung der gewonnenen wässrigen Derivate, Hessen wir 
winzige Kerne keimen. (PALFI und SRECKER 1975; PALFI et al., 1976). Wir zeigten, 
dass die Derivate des Thermalmoores auch biologisch aktive Stoffe enthalten. 
Mit aerober, steriler Agardiffusionsmethode stellten wir fest, dass das Schlamm-
derivat die Vermehrung der reinen Züchtung des E. coli — Testbakteriums hemmt 
(Bakteriostatische Wirkung). 
Das Ziel für unsere Untersuchungen ist, klarzustellen, ob der sich auf dem 
Teichboden befindende Torfmoor-Schlamm des Thermalwassers grossmolekulare 
organische Stoffe in gelöstem Zustand enthält. 
Mit der Keimung der Kerne in sterilen Umgebungen haben wir die biologischen 
Aktivitäten der Wasserderivate der homogenisierten Thermalschlamme weiterverfolgt 
bzw. die Stimulierung des Wurzelwachstums beobachtet. 
Wir untersuchten, ob die schädliche wasserentziehende Wirkung der künstlich-
zusammengesetzten hypertonischen, anorganischen Salzlösungen an den Bohnen-
trieben von den Schlammderivaten antagonisiert wird. 
Wir fertigten aus dem Hévizer Torfmoor-Schlamm reines Huminsäurederivat 
an; später untersuchten wir auch die baktericiden Eigenschaften und die biologische 
Aktivität der von anorganischen Salzen gereinigten Humaten. 
Wir untersuchten die biologischen harten, feinen Strukturen des Torfmoor-
Schlammes sowie die Morphologie und Plazierung der aus Grossmolekulen bestehen-
den agglutinierten dunklen Húmate. Wir bemühten uns, zu klären, welches die Ur-
sache in der Umgebung sei, die das Teichwasser verschmutzt bzw. sein chemisches 
Gleichgewicht am meisten beeinträchtigt. 
Nach FEKETE et al., (1967) hat der Torf in der Landwirtschaft den Vorteil, dass 
er eine grosse Adsorptionsfähigkeit, biologische Aktivität und eine baktericide 
Wirkung besitzt. In unseren Untersuchungen geben wir weitere Angaben über die 
Keszthelyer Umgebung bzw. über den Hévizer Torf bekannt. SZALAI und SZILAGYI 
( 1 9 6 8 ) , BELAK et al . , ( 1 9 6 9 ) u n d SZALAI et al. , ( 1 9 7 4 ) s t e h e n fest , d a s s d ie H u m u s -
säuren des Torfs durch die starke Adsorption von Spurenelementen Mangelkrank-
h e i t e n a n P f l a n z e n hervorrufen . BELAK e t al . , ( 1 9 7 0 ) , SZALAI et al . , ( 1 9 7 0 , 1975) 
bewiesen in ihren Experimenten, dass man den genannten Mikroelementmangel 
durch Düngersprühung beseitigen kann. SIPOS et al., (1974) stellte fest, das die aus 
dem Keszthelyer Flächenmoor-Torf gewonnenen Huminsäure Proben praktisch 
hydrofyl sind, die Huminsäuren des Lignit und der Braunkohle sind aber bis zu 
einem bestimmten Grad lipofyl. (Unsere Torfproben aus der Umgebung von Keszt-
hely sind also hydrofyl.) Nach Lakatos et al. (1974) sind die aus der Keszthelyer 
Umgebung der Flächenmoor-Torfe vorgestellten Huminsäuren solche Biopolimere, 
die als biologisch aktive Verbindungen in der Landwirtschaft eine ausserordent-
liche Bedeutung innehaben. 
Material und Methode 
Wir entnahmen Torf-Schlamm-Proben aus dem Hevizer Teich, aus seinem abfliessenden Kanal 
und von den sich in der Umgebung des Kanals befindenden Auen aus 10 und 30 cm Tiefe. Um den 
Schlamm haltbar zu machen, wird er aus dem Abflusskanal des Teiches entnommen und im Sommer 
auf betonierter Unterlage zum Trocknen ausgelegt, un später in fein gemalener torf aufgehoben zu 
werden. 
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Die Zusammensetzungen der löslichen Stoffe im Teichwasser haben wir so bestimmt, indem 
wir die Schlamm-Proben vier Stunden lang mit destilliertem Wasser schüttelten und danach wurde 
die nach der Setzung und Dekantierung gewonnene Flüssigkeit geschleudert. Danach verdünsteten 
wir auf 100 °C 100 ml saubere Flüssigkeit (in viermaliger Wiederholung) und massen den Trocken-
substanzgehalt. Das so gewonnene Gesamt Trockensubstrat wurde 4 Stunden lang auf 500 °C 
geglüht. Der Rest ergab nach der Abkühlung und Messung die Gesamtmenge der anorganischen 
Salze, den durch das Glühen eingetretenen. Gewichtsverlust, den gesamtorganischen Stoff. 
Die Menge der gelösten grossmolekularen Stoffe wurde dadurch bestimmt, indem wir das 
anorganische kleine molekularmassige Salz des Teiches vorher durch Dialyse entfernten. 
Da der Schlamm eine grossflächige, netzartige oder schwammartige Beschaffenheit besitzt, 
hält er viele Arten von Verbindungen durch seine harte Struktur fest. Die anorganischen und organ-
ischen Stoffe des Schlammes und seine nassen Derivate haben wir so hergestellt, dass wir den Ther-
malschlamm auf 70 °C bis zur Gewichtsbeständigkeit austrockneten und danach homogenisierten 
wir jeweils 10 g in 30 ml destilliertem Wasser in Reibschalen. Durch das danach folgende Schleudern 
gewannen wir saubere, farblose Derivate, die aber anorganische und organische Stoffe in löslichem 
Zustand enthielten. Im Verlauf der Kernkeimung befeuchteten wir die Filterpapiere der Petrischale 
mit sterilisierten Schlammderivaten. Die so hergestellten feuchten Derivate verwendeten wir fü r die 
biologische Aktivitätsmessung und zum Nachweis der baktericiden Wirkung des feuchten Schlammes. 
Das mit Hefeauszügen ergänzte harte Fleischagar stellten wir nach FERENCZY und ZSOLT 
(1971) zusammen. Die Agardiffusionsmethode der baktericiden Wirkung haben wir ebenfalls nach 
den vorhergenannten Autoren durchgeführt. Die sauberen Züchtungen der Bakterien haben uns 
a u c h FERENCZY u n d ZSOLT z u r V e r f ü g u n g g e s t e l l t . 
Wir fertigten eine 2% Gesamtsalz beinhaltende Lösung an , die aus Ka, Na, Ca, Magnesium-
chlorid und Nitrat bestand. Wenn wir die abgeschnittenen Bohnentriebe in diese Lösung gaben, 
Hessen sie nach 24 Stunden die Blätter hängen — also sie zeigten eine starke Welkung. Die Humate 
des Torfschlammes deckten wir mit 0,125 n N a O H auf nach LAKATOS et al. (1974). Nach Filtrierung 
und Schleudern erhielten wir eine etwas dunkle, braun-schwarze Lösung. Den pH-Wert des Humin-
säurederivats stellten wir mit 1 n Salzsäure auf 7 ein, das entstandene NaCl und die sonstigen Salze 
entfernten wir mit Dialyse. Bei diesem Vorgang haben wir die Arbeiten von DRAGUNOV und KABLOVA 
(1974) in Betracht gezogen. 
Wir untersuchten die harte Konstruktion des Schlammes nach Wasserverdünnung in Abstri-
chen. Die mikroskopische Vergrösserung war 500-fach, die Vergrösserung der Bildaufnahmen dage-
gen 4-fach wie auch die Abbildungen mit annähernd 2000-facher Vergrösserung gezeigt werden. 
Für die Bewertung der Wasserverschmutzung des Thermalteiches wuschen wir von einer 
dm 2 Human-Hautoberf läche mit 20 ml 30%-igem Äthanol die freien Aminosäuren ab und analysier-
ten die gewonnenen Lösungen (Einzelheiten dazu bei PALFI et al., 1974, 1976). 
Den Nachweis des löslichen Gesamtproteins erbrachten wir nach LOWRY et al., (1951) die 
Lichtabsorbierungsintensität der Lösungen massen wir mit dem Spektrofotometer. 
Die Menge der Wiederholungen der Analysen beträgt 3 oder 4. Wenn vom Durchschnitts-
ergebnis bei einigen Analysen die Fehlermultiplikation 5% überschritt, wiederholten wir den ganzen 
Prozess. 
Ergebnisse und ihre Auswertung 
Die Messungen nach Kjeldahl-Zerstörung und Stickstoff Kolorimetrie der 
Schlammproben aus dem Thermalwasser auf Gesamt-Stickstoff-Inhalt (organischer 
und anorganischer Stickstoff) zeigten in keinem Fall 1 % der Gesamt-Trockensubs-
tanzmenge. Zu gleicher Zeit lag aber bei den benachbarten nicht durch Wasser 
bedeckten (und nicht ausgewaschenen) Schichten der Gesamt-N-lnhalt der Torfböden 
zwischen 2 und 3%. Wir stellten fest, dass die organischen Verbindungen des Sticks-
toff-enthaltenden Schlames nicht zu den freien Aminosäuren, der Peptide, der 
Eiweise, der Nukleinsäuren und nicht zu ihren Basen gehören und keine Karbamid-
oder Ammonium-Verbindungen sind. 
Was für besonders wirkende organische Säuren mögen sie sein? Sind sie auch 
im gelösten Zustand des Teichwassers nachweisbar oder sind sie nur im Torfmoor-
Schlamm enthalten? 
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Nachdem wir das Teichwasser mit Torfmoor-Schlamm vier Stunden lang 
durchschüttelten, gewannen wir nach Setzen, Dekantierung, Filtrieren und Zentri-
fugieren eine saubere farblose Fülssigkeit, die wir bis zur Trockenheit verdunsteten 
und dann massen wir eine 560 mg/L Gesamttrocken-Substanz. Mit der weiteren 
Analyse der getrockneten Substanz und nach dem Verglühen der organischen 
Stoffe, stellten wir fest, dass beinahe die Hälfte der gelösten Stoffe des Teichwassers 
(268 mg/L) aus Grossmolekülen bestehende stickstoffarme; hauptsächlich zu Humin-
säuren gehörende organische Stoffe sind. Die schon erwähnten organischen Ver-
bindungen sind nicht nur im aufgewühlten Schlamm enthalten, sondern von ihnen 
wird eine bedeutende Menge des fliessenden Wassers aufgelöst. Das Teichwasser 
wurde bis jetzt noch nicht nach seinen gelösten und organischen Stoffen untersucht, 
auch ihre biologische Aktivität noch nicht. 
Mit der Keimung der winzigen Kerne (PÄLFI und STRECKER, 1975) zeigten wir 
sehen, dass bei einigen Pflanzenarten die Schlammderivate das Wurzelwachstum 
bedeutend stimulieren. Mit grossen Kernen ist es aber noch nicht gelungen, so eine 
Akiivität nachzuweisen. Besonders diejenigen, die zur Gruppe der Hülsenfrüchte 
gehören und über eine grosse Menge Nährstoff-Reserven verfügen; wie z. B. : Bohnen, 
Erbsen und Linsen ergaben negative Ergebnisse. Diese Kerne beinhalten während 
ihrer Keimung in bedeutender Menge synthetisierende, aktivierende und mobili-
sierende Stoffe, die das endogene Wachstum stimulieren. Deshalb ist die äussere 
Dosierung der aktiven Stoffe weniger wirkend. 
Unsere Versuche bezüglich auf die begünstigende Wirkung des Wurzelwachstums 
bei Linsenkernen mit grossen Reservenährstoffmengen waren auch erfolgreich, wenn 
die Schlammderivate optimal konzentriert und der pH-Wert richtig eingestellt war. 
Die Abbildungen I und 2 auf der Tafel 1 zeigen die Kerne der oberen Reihe, 
die im Leitungswasser keimten (kontrolle); die in der unteren Reihe dagegen stammen 
aus den Hövizer Schlammderivaten. Die Wurzeln der unteren Reihe wuchsen im 
Falle der Linsen 50% länger gegenüber der Kontrolle (Abb. I). Die Wachstum-
Stimulierung (Tafel 1, Abb. 2) bei dem kleinkernigen Radieschen (Raphanus sativus L.) 
um 100%. Der Torfmoor-Schlamm enthält bedeutende biologisch-aktive Stoffe. 
Tafel 1, Abb. I und 2 — Die stimulierende Wirkung der Torf-Moor-Schlamm-Derivate beim Wurzel-
wachstum. Die Pflanzen der oberen Reihe keimten im Leitungswasser (Kontrollen), die der 
unteren in den feuchten Derivaten des Torf-Moor-Schlammes steriles Medium). Die Schlamm-
Derivate stimulierten das Wurzel-Längenwachstum. 
1. Linsenpflanzen (Leus cuHnaris L.); der Wurzelwachstum beträgt 50%. 
2. Radieschenpflanzen (Raphanus sativus L.) — die Stimulierung des Wurzel-Längenwachstums 
beträgt 100% (die Bildvergrösserung ist ca. fönflach). 
Abb. 3, Die Verringerung der wasserentziehenden Wirkung der hypertonischen Salzlösungen 
mit Torf-Moor-Schlamm. Der erste Kolben auf der linken Seite enthält sauberes Leitungs-
wasser, das ist die Kontrolle. In die darauffolgenden 6 Kolben rechts gaben wir hypertone 
(wasserentziehend) Salzlösung und je Kolben 6, 4. 3, 2 und I g getrockneten und zu Pulver 
gemalenen Torf-Moor-Schlamm. Der äussere Kolben rechts enthält nur Salzlösung. 
Abb. 4. und 5. Der Beweis der baktericiden Wirkung des Torf-Moor-Schlammes mit Agar-
diffusion. Wir dosierten in die drei oberen Höhlen, die auf beiden Bildern zu sehen sind. Strep-
tomycinlösungen (25, 50 und 100 mg/L), in den unteren drei Höhlen sind die „feuchten Deri-
vate" des sterilen Torf-Moor-Schlammes. Die ausgebildeten Bakterien-Kolonien (aus den 
Höhlen ausdiffundiert) töteten nicht nur die Antibiotikum-Lösungen, sondern auch die 
Schlammderivate. 
Abb. 4 = Bacillus cereus var. myeoides; 
Abb. 5 = Staphylococcus aureus. 
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Diese Stoffe, eindringend durch das pflanzliche Hautgewebe, beschleunigen den 
Steffwechsel, wie sich das im Laufe der Wurzelwachstum-Anspornung äussert. 
Für den Wurzel Wachstum der Keimpflanzen sichert die Stimulierung in der 
Landwirtschaft einen bedeutenden Vorteil. Die längeren und besser entwickelten 
Keimpflanzen dringen nämlich schneller in die Tiefe des Bodens und erreichen so 
die leuchten Schichten eher; sie sichern der Pflanze innerhalb kurzer Zeit Wasser-
und Nährstoff-Versorgung, wodurch im Endergebnis das Verderben der Keimpflanzen 
prozentual reduziert werden kann. Wahrscheinlich ist dies der Vorteil der Torf-
anwendung beim Ziehen der Setzlinge in der Gartenwirtschaft. 
Die beobachtete stimulierende Wirkung der Torf-Schlamm-Derivate bei der 
Keimung von Kernen könnte auch eine Rolle in der Balneologie bzw. in der humanen 
Heilbehandlung spielen. 
Wenn wir die Triebe der weichstengligen Pflanzen in die erhöhten osmotischen 
Druck zeigenden Salzlösungen stellen, verlieren die Blätter ihre Turgor und welken 
innerhalb von 24 Stunden wegen des starken Wasserverlustes ab. 
Im Laufe unserer Versuche gössen wir in 6 Erlenmeyer Kolben je 100 ml 2% 
ige Gesamtsalz enthaltende, physiologoisch gesehen, hypertonische Lösung; als 
Kontrolle aber wandten wir destilliertes Wasser an. Auf 5 Gefässe Salzlösung dosi-
erten wir fein gemalenen luftgetrockneten Schlammstaub in stufenweise verminderten 
Mengen (6, 4, 3, 2 und 1 g). In einem Gefäss blieb also nur reine Salzlösung die die 
hypertonische Kontrolle war. In jeden Kolben gaben wir die gleiche Anzahl isolierten 
Bohnentriebe, dann inkubierten wir die Gefässe bei 25 °C mit 60% Feuchtigkeit 
der Luft und 4000 lux Beleuchtung während 24 Stunden. Auf der Abb. 3 der Tafel 1 
war im ersten Gefäss reines Wasser (Kontrolle), das keinen Wasserentzug bzw. 
kein Welken der Bohnenblätter auslöste. Das zweite Gefäss von links enthält 2%-
iges Gesamtsalz, aber die dazugegebenen 6 g Torfstaub antagonisierte die schädliche 
Wirkung der hypertonischen Lösung, deshalb verwelken hier auch die Bohnenblätter 
nicht. In den folgenden vier Gefassen enthält die Salzlösung den Torfstaub nur noch 
in reduzierter Menge und die Welkung der Bohnenblätter und ihr Herunterhängen 
nimmt dementsprechend zu. Der letzte Kolben rechts aussen enthält reine Salzlösung 
und die Verwelkung dieser Triebe ist offensichtlich die stärkste. 
Wie ist diese Erscheinung zu erklären? Es ist wahrscheinlich, dass der Hövizer 
Torfmoor-Schlamm neben biologischaktiven Stoffen eine grosse Menge solcher 
grossflächiger organischer und anorganischer harter Strukturen und Makromoleküle 
Tafel 2, Abb. 1, 2, 3 und 4. Die Agardiffusionszonen der aus Torf -Moor-Schlamm hergestellten 
reinen Huminsäure-Derivaten. Abb. 2. Staphylococcus aureus. Aus der oberen Höhle ist die 
Streptomycin-Lösung (Kontorlle) ausdiffundiert, ihre abgetötete Zone (weisgewordene Fläche) 
ist ausgebreitet. Aus den sich darunter links befindenen 2 Höhlen wurden auch die dunkel-
farbigen Huminsäuren ausdiffundiert, diese bracthen jedoch nur kleinere Abtötungszone 
zustande. 
Abb. 4. Die Abtötungszone der Huminsäure in vierfacher Vergrösserung (Staphylococcus 
aureus): der äussere farblose Kreisbogen ist die Zone der Kleinmolekularen Huminsäure , 
der innere schwarze Kreisbogen ist die Zone der grossmolekulargewichtigen Humine. 
Abb. 1. und 3. Die abgetöteten Zonen der Huminsäuren sind vierfach vergrössert, das Test-
bakterium ist bei beiden der Bacillus cereus var. mycoides. 
Abb. 5. und 6. Ursprünglicher pflanzlicher Stoff, netzartige Zellwandgerippe mit eingefangenen 
Huminpartikeln. Abb. 5. Das Zellwandgerippe ist kaum humifiziert. Abb . 6. Das Zellwand-
gerippe ist mittelmässig humifiziert. 
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enthält, wie z. B.: Huminsäuren, die die wasserentziehende Wirkung der hypertonen, 
anorganischen Salzlösungen antagonisieren und damit auf die Pflanzen eine günstige 
physiologische Wirkung ausüben. Es ist anzunehmen, dass der Wirkungsmechanismus 
der Staubarten (des Torfs und Lignits), die zur Verbesserung des Salz-Alkalibodens 
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angewandt wurden, auch ähnlich sind. Auf jeden Fall ist diese Wirkung der Torfe 
— egal mit welchem Mechanismus es sich verwirklicht — ein solch biologischer 
Vorteil, der auch im Verlauf der balneologischen bzw. der Heilbehandlung eine 
Bedeutung hat. 
Anhand der schon früher untersuchten mikrobiologischen Eigenschaften des 
Schlammes stellten wir fest, dass der Schlamm nur in aussergewöhnlich minimaler 
Menge Bakterien enthält (PALFI und STRECKER, 1975; PALFI et al., 1976). Die Wechsel-
haftigkeit der Bakterienarten ist ganz arm und ihre Zahl ist auch sehr niederig. 
Aber warum ist das so? Zwei Hauptursachen kennen wir schon: 
1. - der Stickstoffmangel 
2. - der Schlamm hemmt die Vermehrung der Bakterien (Bakteriostatische 
Wirkung). Diese Eigenschaften stellten wir schon bei den reinen Züchtungen des 
E. coli fest (PALFI et al., 1976). 
Um was für Verbindungstypen mag es sich bei diesen baktericiden organischen 
Stoffen handeln? Die Entstehung, Entwicklung und die Struktur des Schlammes 
in Betracht ziehend, dachten wir in erster Linie an die Huminsäuren. Aus diesem 
Grunde versuchten wir, die baktericide Wirkung mit den reinen Huminsäure-Deri-
vaten des Torfmoor-Schlammes zu reproduzieren. 
Um die Vergleichbarkeit zu erreichen, wandten wir die international anerkannten 
abziehenden — und reiningenden Methoden der Huminsäuren an (DRAGUNOV und 
KABLOVA, 1 9 7 4 ; LAKATOS e t al . , 1974; FORTUN u n d POLO, 1 9 8 2 ; RITCHIE u n d POSNER 
1982; ROLETTO e t al . , 1982). 
Wir untersuchten die baktericide Eigenschaft der aus dem Torfmoor-Schlamm 
gewonnenen dunkelfarbigen Huminsäure-Derivate an Bacillus cereus var. mycoides 
und an Staphylococcus aureus-Test-bakterien. Die Huminsäuren brachten nach 
8 tägiger Inkubation bedeutend grosse, kreisförmige Vernichtungszonen zustande, 
wodurch wir auch die baktericide Eigenschaft nachweisen konnten, (an der Abb. 2 
der Tafel 2 ist die Konzentration des Streptomycins 100 mg/L darunter nebeneinander 
sind Huminsäure-Derivate. Das Testbakterium ist hier Staphylococcus aureus). 
Bei den Agardiffusionskreisen der Tafel 2 ist zu sehen, dass auch die allergrössten 
Molekül-Massen (20—50-Tausend) aufzweigenden schwarzen Huminsäuren aus 
den Höhlen des Ernährungsagars ausgewandert sind, aber von den Rändern der 
Höhle ungefähr nur halb so weit gelangt sind, wie die farblosen kleinmolekular-
massigen Huminsäuren (Tafel 2, Abb. 1, 2, 3 und 4). 
Die mittelmässig mol-massigen braunen und grauen Huminsäuren (mol-Masse -
- 10-20 000) befinden sich in der Mitte der Vernichtungszone (Auf dem Foto sind 
diese auch schwarz zu sehen). Die allerkleinsten mol-massigen (3-10 000) farblosen 
wasserlöslichen Huminsäuren diffundierten die Höhlen am antferntesten (grosse 
Tafel 3, Abb. 1. Die biologischen, harten strukturen des Torf-Moor-Schlammes. 
Die Gerippe der Kowamoose (Diatome). Die Gerippe zweier zur selben Art gehörenden 
abgestorbenen Diatome. Daneben sind grosse schwarze Huminsäure-Partikel zu sehen. Die an 
Stickstoff armen Humin-Partikel könnten ursprüngliche Torfmoose sein. 
Abb. 2. Diatome-Gerippe, die zu drei verschiedenen Arten gehören, die schwarze Partikel mit 
Humus bedeckt und die netzartige Konstruktion aufzeigen. 
Abb. 3. Diatome-Gerippe-Teil, rauhe Einschnitte und schwarze Humin-Partikel-Teile an der 
Oberfläche. 
Abb. 4. Das Zellwandgerippe ist schon völlig humifiziert, die Zellwand-Netze sind mit schwar-
zen Humin-Partikeln völlig ausgefüllt. 
weisse Kreise). Auf der Abb. 1 der Tafel 2 sind Bakterienkolonien in den äusseren 
breiten Vernichtungszonen der Diffusion zu sehen, die gegenüber der farblosen 
Huminsäuren resistent sind. 
Auf der Abb. 3 der Tafel 2 an den Rändern der weissen Zone sind auch 3-4 
Bakterienkolonien (auf dem Bild schwarz) die gegenüber den farblosen Humin-
säuren resistent sind. Auf der Abb. 4 der Tafel 1 sind in der Antibiotikum-Ver-
nichtungszone streptomycin-resistente kleine weisse Kolonien zu finden. 
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Zusammenfassend können wir feststellen, dass die reinen Huminsäuren des 
Hevizer Thermalschlammes über solche baktericide Wirkung verfügten, die bei der 
Schlammbehandlung bzw. bei sonstigen balneologischen Heilwirkungen eine bedeu-
tende Rolle spielen. Können wir aber die wurzelwachstumstimulierenden biologisch-
aktiven Stoffe, die bei der Kernkeimung eine Rolle gespielt haben auch zu den Kom-
ponenten der Huminsäuren einstufen? 
FRENYÖ (1974) neutralisierte aus heimischer Kohle gewonnene Huminsäuren 
und nach dem Studium entsprechender Verdünnungen hat er Keimungsversuche 
mit Reis angefangen. Der Autor wies an den Wurzeln der Keimpflanzen die bedeuten-
de wachstumstimulierende Wirkung der Huminsäuren nach. So bestand auch für 
uns die Hoffnung, dass wir mit den Huminsäuren positive Ergebnisse erreichen 
werden. 
Wir keimten Senf-, Radieschen-, Luzern- und Linsen-Kerne in Hunderter-Serien 
(bei viermaliger Wiederholung) in Lösungen der unterschiedlich verdünnten sterilen 
Huminsäure. Die Kontrolle war steriles Leitungswasser. 
Die Keimversuche wiederholten wir mehrmals, jedoch der Keimungsprozentsatz 
im Trieb- oder Wurzel Wachstum ergab keinen Unterschied. Der bioaktive Stoff 
des Torf-Moor-Schlammes befindet sich entweder nicht unter den Huminsäuren oder 
ist irgend eine andere natürliche Verbindung. Es kann vorkommen, dass dieser 
Stoff auf die Wirkung des alkalischen Entzugs verdarb oder aber im Derivat die 
organischen Salze oder andersartige Aktivatoren fehlten (infolge der Dialyse). 
Im weiteren entnahmen wir aus der 30 cm Schicht des Teichschlammes Proben, 
da die Durchschnittstiefe bei der Abtragung des Schlammes diesen Wert besitzt. 
Wir untersuchten mit dem Mikroskop die harten Strukturen der feinen Schlamm-
Konstruktion. Die mikroskopischen Aufnahmen 1, 2 und 3 auf der Tafel 3 veran-
schaulichen die abgestorbenen harten Gerippe des Kowamooses. 
Auf der Abb. 1 der 3. Tafel sind zwei zu der gleichen Art gehörende Diatome 
zu sehen, daneben Partikel, die von humifizierten, schwarzen Torf-Moos stammen. 
Die Abb. 2 auf der Tafel 3 zeigt drei Diatome-Gerippe, die zu drei verschiedenen 
Arten gehören. Die Zeichnung des Zellengerippes auf der 3. Abb. der Tafel 3 be-
weist das, dass die ganze Oberfläche der Diatome reibeisenmässig gespalten ist. 
Diese "scharfen" Konstruktionen machen 2-3% des harten Stoffes beim gesetzten 
Schlamm aus. 
Unter die wirksamen Strukturen können wir die zellwandingen Gerippe der 
abgestorbenen pflanzlichen Gewebe einreichen (Tafel 2: Abb. 5, 6 und Tafel 3: 
Abb. 4). Diese Zellwandgerippe zeigen die beginnende Humifikation, aber stellen-
weise kann man auch die ursprüngliche Zellwand sehen (Tafel 2, Abb. 5). Die Humi-
fikation des Zellwandnetzes kann auch mittelmässig sein (Tafel 2, Abb. 6), die im 
Fall die Zellwände überall mit Humin bedeckt, jedoch das Netz teilweise noch leer ist. 
Das Endstadium ist die völlige Humifikation des Zellwandgerippes, wobei nicht 
nur die Zellwände, sondern auch die Zellhöhlen schwarzes Humin ausfüllt (Tafel 3, 
Abb 4). Diese abgestorbenen Zellwandgerippe sind die strukturellen Träger der Hu-
minsäuren. 
Wir müssen bemerken, dass die chemische Zusammensetzung der Huminsäuren 
noch unbekannt ist. Um dies aufzudecken, wandte SCHNITZER (1976) das Gaskroma-
tografie-Massenspektrometer-Computer-System an, Dannenberg und ULLACH (1982) 
führten schon interessante Isolierungsversuche durch, um den strukturellen Aufbau 
der Humusstoffe zu Klären. 
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Schliesslich müssen wir in Betracht ziehen, dass die löslichen, in bedeutender 
Menge vorhandenen organischen Stoffe im Hevizer 1 hermalwasser nicht als „Um-
weltverschmutzung" angesehen werden können, weil diese organischen Verbindungen 
wasserlösliche Huminsäuren sind und keinen Stickstoff in bedeutender Menge 
enthalten. 
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Abstract 
The growth of Pioneer 3839 hybrid maize leaves, the changes in the amount of dry-matter 
and soluble sugar and starch levels of the leaves were studied for 37 days at identical light-dark 
periods (LDP) of 16-8 hours, 30-15 min. and 15-7.5 min.; as well as on plants grown in changed 
LDP-s following the first 22 days of growth. The daily period of light was 16hours , the light intensity 
was 32 W/m s , and the temperature was 20 ± 2 °C. 
It could be determined that there was slight increase in the dry-matter mass of the plants grow-
ing for 37 days at identical LDP-s on the effect of the 30-15 min. LD-treatment, and a decrease was 
observable on the effect of the 15-7.5 min. LDP, compared to the 16-8 hours control. 
Among the maize plants grown in alternating LDP-s in every case the dry-weight of ones 
grown in shorter LDP-s (30-15 min. 15-7.5 min.) for the first 22 days, and than were exposed to 
16-8 h LDP for 16 days, — was higher. 
The short periodical illumination accelerates the development and longitudinal growth of the 
young leaves in general. The changes in the LDP-s do not have any effect on the growth rate of the 
half-dsveloped leaves. 
In the djveloped leaves grown in 30-15 and 15-7.5 min. LDP-s for 37 days the decrese of the 
soluble sugar cont ;nt is considerable, and the starch-content shows a decrease of slighter degree. 
In the 30-15 min. LDP the soluble carbohydrate level of the young leaves (6th, 7th) only slightly 
varies; the starch amaunt daes not change at all. 
From the changed LDP-s applied after 22 days of growth the shorter ones decrease, while the 
longer ones increase the amount of soluble sugar and starch. 
Key-words: light-dark period, dry-weight, soluble sugar, starch, growing, maize. 
Introduction 
The alternating short light-dark periods (LPD) frequently decrease the relative 
efficiency of photosynthesis; respectively, it comes close to, but only rarely surpasses 
the values measured in continuous light (SAGER and GIGER, 1980). This effect is 
particularly striking in the case of algae, in respect to plants of higher order it appears 
less unambigously. 
From the latest results, on the basis of the studies carries out by NAYLOR and 
GILES (1982) on bean plants, the 5 -5 min. and 1-1 min. LDP-s decreased the dry-
weight and leaf surface, and increased the quota of the root. These also decreased the 
amount and size of starch granules in chloroplasts, and furthermore, had significant 
on the pigment formation. 
There are still relatively few data, regarding the effect of the varying LDP-s 
on the carbohydrate metabolism. It seems that our knowledge concerning the regu-
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lation of the biosynthesis and decomposition of strach is not sufficient enough yet 
for explaining acceptably the starch level-decreasing effect of the short light-dark 
per iods (PRCISS, 1982). 
According to the studies of KAISER and BASSHAM (1979) — following a single 
short, 4 min. dark period the C 0 2 fixation and the starch synthesis continues in a 
slightly decreased degree, although without lag phase. 
A c c o r d i n g t o o u r s tudies s o far (MAR6TI and PATAKY, 1982 ; MAR6TI a n d 
MIHALIK, 1982; TAKACS a n d MAR6TI, 1983; MAR6TI a n d TAKACS, 1983), bes ides 
continuous light intensity and identical daily light amount the effect of alternating 
illumination is determined by the length of the light-dark periods and by the genotype 
of the maize. On the basis of the changes in dry matter production the P523 maize 
type is capable of accomodating to the 30-15 and 15-7.5 min. LDP -s the best, while 
this ability is the least in the case of the P165 maize type. 
In the case of the P523 maize, compared to the long-day (16-8 hours) illuminat-
ion, the 30-15 min. L D P accelerates the development of the leaves increases the 
leaf surface and the dry weight per unit surface (MAR6TI and MIHALIK, 1982). 
In respect to the plants studied so far, the uniform unfavourable effect of the 
15-7.5 min. LDP was mainly manifested in the decrease of specific leaf-dry weight, 
the relative increase of root-weight, and in the significant decrease of chlorophylls 
a n d c a r o t e n o i d s (MAR6TI , 1982). 
Compared to the parent lines, the P3901 hybrid maize made the best use of the 
light in every LDP, and its considerable mass of dry matter was accompanied by 
the high soluble sugar concent of the leaves (MAR6TI and MIHALIK, 1982). 
The certain maize types are adaptable to the short LDP depending on their 
genotype. It is also the characteristic effect of the 30-15 min. LDP that the soluble 
sugar and starch amount found in the unit dry matter of the leaf decreases depending 
on the genotype. However the 15-7.5 min. LDP is uniformly and expressedly 
unfavourable for the accumulation of carbohydrates (MAR6TI and MIHALIK, 1982). 
The question is, how the soluble sugar and starch change in the leaves of maize 
adapted to varing LDP-s, and then exposed to a new, shorter or longer LDP? 1 hose 
leaves are of particular interest from this viewpoint, which grew partly (half time) 
in the earlier, partly in the new LDP; and respectively, those leaves, which were 
formed entirely in the new LDP, i. e.. the observable initiative leaves appeared after 
the transfer. 
Answering the above question, this paper reports on and discusses the changes 
in dry matter, soluble sugar and starch levels of Pioneer 3839 type hybrid maize, 
developing on the effect of identical and alternating LDP-s. 
Materials and Methods 
Pioneer 3839 hybrid maize (Zea mays L.) were grown in phytotron (HORVATH, 1972) for the 
experiments. The temperature was 2 0 ± 2 °C, the humidity of the air was 50-70%. 
The plants were sown in the mixture of sand-perlite in the ratio of 1:1, the nutriment was 
ensured with modified Hoagland nutrient solution, and the moisture-content corresponding to 80% 
of water capacity was maintained daily by tap-water with watering according to weight. Two series 
of experiments were carried out ai varying time-points. 
F-29 light tubes were applied for illumination (wave-lengths 400-700 nm). The light flux density 
was 32 W/m3. The total illumination of 16 hours daily was continuous in the first climate chamber. 
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lasting f rom 8 a .m. to 12 p.m. (16-8 hours light-dark period), in the second chamber alternating 
periods of 30 min. light and 15 min. dark were appl ied: 30-15 min. L D P ; and in the third, 15 min. 
light and 7.5 min. dark periods a l ternated: 15-7.5 min. LDP. The daily total i l lumination was 16 
hours in every chamber. 
After growing for 22 days the plants were divided into 3 equal parts in all three cl imate cham-
bers: 12 plants remained in the original place, the rest of the plants were placed into new LDP-s ; 
12 into one, 12 into the other. 3-3 plants were selected f rom each variant and these were followed 
by daily measuring of the growth in length of their 4th and 5th leaves, counted f rom the bot tom. 
The plants were processed at the age of 37 days. The fresh weights of the 12-12 plants per 
treatment were measured according to organs. This processing was always carried out in the morning 
hours. The dry weight was measured after drying at 70 °C. 
The carbohydrate content was determined f rom the 4th and f rom the youngest 6th, 7th. . . 
leaves. The dry matter of the appropria te leaf f rom 7 plants per treatment was combined and cut 
into entirely small pieces with scissors. F rom this, 50 mg were ground with some water with the help 
of quartzsand. 
The soluble carbohydrates were extracted with 10 ml hot water, then following centrifugation 
and discharging, extraction was performed again with newer 10 ml hot water by shaking for 15 min. 
The two supernatants were blended, filled u p to 100 ml, f rom which the determinations were ac-
complished. 
After extracting the soluble sugars a quantity of 10 ml 35% perchloride acid was poured o n t o 
the centrifugal sediment. Following 1 hour of shaking this was centrifuged, then after pouring off 
the supernatant , a newer amount of 10 ml 35% perchloride acid was added and after 1 hour ' s shaking 
the samples were left till the following day. Next day the mixture was centrifuged and the super-
natant was combined with the first perchloride acidic fraction. After appropr ia te dilution, the starch 
content was determined. 
The determination of the soluble sugars and the hydrolysed starch was performed using the 
method of DUBOIS et al., (1956): 0.5 ml sample + 0.5 ml 5% phenol + 2 ml concentrated sulphuric 
acid. After 20 minutes the cooled coloured solution was measured by photometry at 485 nm. The cali-
brat ion curve was prepared with D-glucose. 
In the case of each sample the carbohydrate content was deterrrined twice f rom 50 mg dry 
mat ter independently of each other, and the measurings were repeated when they were necessary. 
Results 
A) The effect of identical and alternating short LDP-s on the accumulation 
of the dry-matter and percental quota of dryweight of organs in 3839 maize. 
It can be seen from the measurings of the dry-weight related to one plant (Table 1) 
that the mass of dry-matter of the plants grown in same LDP for 37 days was slightly 
increased by the 30-15 min. LD-treatment and decreased by the 15-7.5 min. LDP 
compared to the 16-8 hours control. The uniform effect of the short periodical 
illumination (30-15 and 15-7.5 min) was that it stimulated the development and 
increase in dry-weight of the young leaves (Figs. 2, 3), and decreased the amount 
of dry-weight in the developed leaves (Fig. 1). 
The 30-15 min. LDP being the same throughout the experiment firstly increased 
the dry-matter percental quota of the roots (Table 1). 
In the case of alternating LDP-s, at the timepoint of transfer to new LDP, the 
4th leaf was cc. half developed (the leaf was at about half-time between appearance 
and complete development), the 5th leaf just appeared and the 6th, 7th leaves appeared 
in the new LDP during the 16 days. 
From the maize grown in alternating LDP-s in every case the dry weight of 
those which grew in shorter LDP (30-15 and 15-7.5 min) for the first 22 days, and 
then were transfered to 16-8 hours L D periods for 15 days was higher (Table 1). 
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A smaller degree of increase in dry-matter compared to the continuous 16-8 hours 
control was observable even when the plants were placed from longer (16-8 hours 
and 30-15 min.) LD periods after 22 days to shorter (15-7.5 min) ones. 
In the alternating LD periods the accumulation in dry-matter was generally 
in relationship with the percental increase of the root and leaf sheath. 
Table 1. The effect of LDP-s being the same th roughou t the experiments and changed a f te r 
22 days of growing, resp., on the dry-weight (mg/p lan t ) and quo ta of organs of 37 days 
old Pioner 3839 maize. 
In the 16-8 hours , 30-15 min. and 15-7.5 min. LDP-s the 36-36 identical plants were g rown 
for 22 days, then divided into three according to t rea tment : 12 plants remained in the original 
place, and the rest of the 12-12 plants were grown fu r the r in other two LDP-s. 
The daily a m o u n t of light (512 W h / m ' | was the same in each variant . The plants were pro-
cessed at the age of 37 days. The data a re the averages of the 12-12 plants f rom the two experi-
mental series. 
Light-dark period Dry-weight (mg/plant ) 
of the first on the fur ther root leaf sheath leaf total 
22 days 15 days . f . stem 
mg % mg % mg % mg % 
16-8 hours 383 39 167 18 415 43 965 100 
16-8 hours 30-15 min 383 39 175 18 412 43 970 100 
15-7.5 min 450 40 279 25 388 35 1117 100 
16 -8 hours 538 45 183 15 379 40 1200 100 
30-15 min 30-15 min 421 43 142 14 418 42 981 100 
15-7.5 min 517 45 159 14 461 41 1137 100 
16 -8 hours 513 43 204 17 478 40 1194 100 
15-7.5 min 30-15 min 374 39 150 16 426 45 950 100 
15-7.5 min 367 40 150 16 406 44 923 100 
The dry-weight of the 4th leaf was strongly decreased by the transfer to shorter 
LDP, however, that of the same leaf of plants placed from shorter LD period to 
longer one increased to such extent that it even surpassed the data gained for plants 
grown throughout in 16-8 hours LDP (Fig. 1). That is, the leaf which obtained 
advantage in development in shorter LDP, grew for longer period when transfered 
to longer LDP, therefore its dry-weight became higher than that of the leaf placed 
with disadvantage in development from longer LDP to shorter LDP. This effect 
was particularly striking in the case of combinung the 16-8 hours and 15-7.5 min. 
LDP-s (Fig. I), but the same effect could be recognized in slighter form in the case 
of the alternated 16-8 hours and 30-15 min. LDP-s, and even in a less distinct form 
on the occasion of changing the 30-15 min. and 15-7,5 min. LDP-s, resp. (Fig. 1). 
The dry-weight of the young 6th, 7th leaves developing in new LDP after 22 days 
was regulated by two effects. On the one hand, the short periodical illumination stimula-
ted the development of theyoung leaves; on the other hand, the maize placed from pre-
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LOP 
Fig. 1. The carbohydrate content and dryweight of the 4th leaf on the effect of identical and alter-
nating LDP-s. 
Experimental condit ions: see Table 1. 
At the time of transfer to the new L D P the 4th leaf was about half-developed. 
The determination of the carbohydrate content was accomplished from the combined and 
homogenized dry-matter of the 4th leaves f rom 7 plants per treatment, measuring 50 mg twice. 
The data are the averages of 2 experimental series. 
vious short LDP to longer LDP produced more dry-matter than those which grew 
throughout in either short or long LDP. This is why the dry weight of the young 
6th, 7th leaves was found to be the least in the case of maize grown entirely in 16-8 
hours LDP, from every experimental varient (Fig. 2). 
r 
• 6 0 
• dry »light 
0 soluble sugar content 
0 starch content 
Ü 1 
16-ih 16-flh 30J5»in 30-15<iin 30-15min 15-Mm* 1S-75»«1 15-I5»in 
1 I i I i I 
30-Saln 15-75mtn 16-9h lS75»in 16-ih 30-15 »in 
Fig. 2. T h e development of the carbohydrate content and dry-weight of the 6th, 7th leaves on the 
effect of identical and alternating LDP-s. For experimental conditions and studying methods 
see Table 1 and Fig. 1. 
The 6th leaf had not appeared yet at the time of transfer to new LDP. 
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B) The effect of identical and alternating LDP-s on the longitudinal growth 
of the 4th and 5th leaves of the maize . 
The length of the 4th and 5th leaves was measured daily after placing the plants 
into new LDP (22 days). The end of the 3rd leaf sheath was taken as the lower source 
of the leaf length. At the beginning of the measurings the 4th leaf was in half-time 
of development and the 5th leaf had just appeared. On one part, it could be observed 
from the measurings that the development of the leaves was accelerated by the short 
light-dark periods and the leaves reached complete development earlier. On the other 
part it was observable that the effect of the various LDP-s greatly depended on the 
age and state of development of the leaves. 
The new LDP hardly showed effect on the growth of the half-developed 4th 
leaf, and it grew at the rate characteristic to the original LDP even after transfer 
(Fig. 3). 
At the time of change in LDP, the 5th leaf had only started to grow, and it 
rapidly became adapted to the growth rate characteristic to the new LDP. It can also 
well be seen that at the beginning the plant grew more rapidly in the 15-7.5 min LDP 
(F ig - 3) . 
leaves. 
The measurings were commenced when the plants were 22 days old. at the time of their placing 
into new L D P The source of the length-measurings was all throughout started f rom the lower 
edge ot the 3rd leaf s lamella since at this time-point the lingule and auricle of the undeveloped 
4th leaf had not been formed yet, the leaf was in cc. half-time state of growth, and the 5th leaf had only just appeared. 
The measurings were taken for a period of 10 days f r o m 3-3 plants daily. 
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C) The effect of identical and alternating LDP-s on the carbohydrate content 
of the developed (4th) and developing (6th, 7th) leaves. 
The shorter light-dark period decreased the level of soluble sugar and starch 
in the case of the studied leaves; that of the soluble sugar at higher degree, and that 
of starch at lower degree (Figs. 1, 2). Related to dry-weight unit, the soluble car-
bohydrate content of the 4th leaf showed 33% decrease in the 30-15 min. LDP 
compared to the 16-8 hours LDP, and a decrease of 53% was experienced in the 
15-7.5 min LDP (Fig. 1). The change in starch level was slighter: of 10-20%. 
The carbohydrate level of the developing leaves (6th, 7th) showed lower decrease 
in the case of 30-15 min. and 15-7.5 min. LDP. In the 30—15 min. LDP there was 
no. or only slight change in the level of starch (Fig. 2). 
In the developing leaves in every case the starch level was found to be higher, 
and that of soluble sugar was lower, than in the developed leaves. It is presumable 
that the plant "ensures" higher starch level for the intensive growth of the young 
leaves nevertheless, the energy-consumption implying intensive growth keeps the 
soluble sugars at low level, i. e. there is no "stagnant" stock of soluble sugar. 
This assertion is in agreement with the results of KAISER and BASSHAM (1979), 
as well as PREISS (1982), according to which the starch found in the leaf can easily 
be mobilized and is controlled by the effective regulation of the metabolic processes 
related to the various energy productions and consumptions. 
The decrease in starch level developing in the shorter cycles is in good agreement 
with the results of TAKACS and MAR6TI (1983), and NAYLOR and GILES (1982), who 
found fewer amount of starch granules in chloroplasts in the case of cycle lengths 
between 30 and 5 min., than in chloroplasts of plants grown under continuous light. 
From the new LDP-s to which the plants were transfered at the age of 22 days, 
the shorter decreased, and the longer increased the carbohydrate level; both in the 
case of starch and soluble sugars. That is, the second LDP (from the age of 22 to 
37 days) had determinative effect on the carbohydrate level measured at the age 
of 37 days. Thus, for example, the carbohydrate level of the leaves placed from the 
16-8 hours LDP to 15-7.5 min. LDP was found to be close to equal to the leaves 
receiving 15-7.5 min. LDP treatment throughout the experiment, and the carbo-
hydrate level of the 4th leaf of the plants transfered from 15-7.5 min. LDP to 16-8 
hours LDP also came close — although not reaching — that of the equivalent leaves 
exposed throughout to 16-8 hours LDP-s. It seems that the short periodical illuminat-
ion caused a disturbance in the carbohydrate metabolism and even the plants placed 
to longer LDP at 22 days of age were incapable of complete "regeneration". 
The developing leaves were also characterized by the above mentioned alter-
ations, only in a slighter degree. 
The determination in regard to the evaluation of the dryweight is also valid 
for the carbohydrate level, according to which the observed alterations were the 
most striking in the case of the combination of the 16-8 hours and 15-7.5 min. LDP-s, 
being similar but of decreased degree in the case of the other two combinations. 
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Discussion 
The cellular biochemical and fine structural interpretation of the differing 
effects of alternating LDP-s is still scant (NAYLOR and GILES, 1982). Several theories 
are k n o w n : "photosynthe t i c saturat ion" (EMERSON a n d ARNOLDS, 1932), " e n d o -
geneous daily rhythm" (BONNING, 1935, 1950), "phytochrome control" (KIGEL and 
K.OLLER, 1970 ; SCHOPFER, 1972; HURD, 1973), but in our o p i n i o n the more p r o f o u n d 
cause is unknown as yet regarding the effect of alternating L D periods. 
It h a s been demonstrated (MARÔTI and PATAKY, 1982; MARÔTI and MIHALIK, 
1982) that the dry matter-content increasing and decreasing effect, resp. of alternating 
LD periods (besides constant light intensity and identical daily amount of illuminat-
ion) is determined by the length of the light, dark periods and by the genotype. 
A c c o r d i n g to SAGER a n d GIGER (1980) the p h o t o s y n t h e t i c efficiency o f the alter-
nating short light-dark periods only rarely surpasses the value measured in conti-
nuous light. The rarity is disputable since several experiments are known in which 
the plants produce more dry-matter in the shorter LDP-s than in continuous light 
(GARNER a n d ALLARD, 1931; EMERSON a n d ARNOLD, 1932; BONDE, 1955; POLLARD, 
1970; HORVÂTH a n d MIHALIK, 1977; MARÔTI a n d PATAKY, 1982, and others) . 
It is very likely that under cell level the alternating LDP -s firstly have effect 
in the chloroplast. In the short LDP -s the chloroplasts either swell or shrink, depend-
ing on the "genotype" and the length of the periods. The change in the volume of 
maize chloroplasts is in negative correlation with the dry-matter production in 
mesophyll cells, and in positive correlation in bundle sheath cells (MARÔTI and 
PATAKY, 1982). Concerning the structure of the chloroplasts, in the case of beans 
the characteristic effect of the 30-15, and 15-7.5 min. LDP - s is expressed by the almost 
complete lack of starch from the chloroplasts, the decrease in the thylakoid number 
per grana, the significant increase per unit surface of the stroma lamellae and end 
m e m b r a n e length (TAKACS a n d MARÔTI, 1983). 
The currently performed electronmicroscopic studies on the P 3 8 3 9 maize 
(PATAKY, personal communication) also show that the organization of the inner 
membrane of chloroplasts is responsible lor the fact that the maize grown earlier 
in short (30-15, and 15-7.5 min.) L D P make better use of the light in 16-8 hours 
L D P than the one, kept throughout in short or longer LDP-s. 
According to our assumptions the varying effect of the short LDP-s at such a 
weak light intensity (32 W/m2) is not determined by the dark, but firstly by the light 
reactions, and is in direct relationship with the speed of the proton-accumulation 
in the loculus of the thylakoid, as well as with the development in time of the electron 
stream of inductive phase (MARÔTI, 1982). 
The effect of the alternating LDP-s above cell level may firstly be in relationship 
with the structure, size, carbohydrate content of the leaves and the trend and degree 
of the translocation. The size of the leaf area is in tight correlation with the carbo-
hydrate content of the leaves (BOOYSEN and NELSON, 1975). 
In our experiments, too the prominent dry-matter amount was accompanied by 
high soluble sugar and starch content in the LDP-s having favourable effect on 
growth. 
A c c o r d i n g to the studies o f NAYLOR and GILES (1982) carried out o n beans the 
decrease in dry-weight is joined by the increase in the quota of roots in the case of 
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short LDP-s. This was not experienced by us in the 15-7.5 min. LDP, at the same 
time the placing of the plants from short LDP to longer LDP presented such an in-
crease in the dry-matter quota of the roots which had only slight decreasing effect 
on that of the leaves. 
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Abstract 
The effect of alternating 30-15, and 15-7.5 min. light-dark cycles (LDC) as well as of 16 hours 
long-day illumination and 8 hours dark were studied on 4 week old Valja bean grown in phytot ron. 
In every case the daily period of il lumination was 16 hours, thelight flux density was 32 W m , the 
temperature was 21 ± 1 °C. 
The short rhythms were unfavourable for the development of beans. Compared to the lt>-8 
hours L D control the accumulat ion of dry-matter decreased, necrotic patches appeared on the 
yellowishgreen leaves. The characteristic effect of the short LDC-s on the structure of the chloro-
plasts was that the starch was almost completely missing f rom the plasts, the thylakoid number 
per grana decreased, the s t roma lamellae and end granal membrane lengths per unit surface 
considerably increased. The rat io of the grana composed of 2-5 thylakoids manifested four-five 
times increase in the 30-15 and 15-7.5 min. LDC-s compared to the 16-8 hours control . The granal 
intrathylakoidal spaces expanded. In one part of the plasts the membranes of the columnar grana 
became swollen and disorganized. 
Key-words: light-dark cycles, chloroplast , grana, stacked membranes, unstacked membranes, 
dry matter, bean. 
Introduction 
The length and proportion of light-dark periods (LDP) significantly change the 
pigment-content, membrane structure of chloroplasts, the pH relations of the intra-
thylakoidal space and stroma plasma ( M A R 6 T I , 1 9 8 2 ; M A R 6 T I and P A T A K Y , 1982) . 
The 30-15, 15-7.5 min. alternating short LDP-s imply strong "light-dark stress" 
on the development of several plants. They become yellowish-green, the chlorophylls 
and carotenoids show significant and specific disorganization, necrotic patches 
appear on the leaves. 
Depending on genotype, the dry-matter production either increases or decreases. 
The length of the dark period and the ratio of light-dark, resp., have great 
effect on the membrane organization of chloroplasts ( A R M O N D et al„ 1 9 7 6 ; D A V I S 
e t a l . , 1 9 7 6 ; A K O Y U N O G L O U a n d A R G Y R O U D I — A K O Y U N O G L O U , 1 9 7 8 ) . 
In greening experiments where the light-dark ratio varies between 1/10-1/90 
— ie. the rather short (0.01 sec. — 2 min.) and short (2-15 min.), resp. light periods 
are followed by long dark periods — characteristic changes are observable: no normal 
grana are formed, only so-called double primary thylakoids. The ratio of chlorophyll 
a/b is high. The oxygen evolution is hindered ( S T R A S S E R and B U T L E R , 1976) . The 
cation regulation of the chlorolpasts is decreased. Less chlorophyll-protein complexes 
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are formed than in continuous illumination ( A R G Y R O U D I — A K O Y U N O G L O V et al 
1 9 7 1 ; S Á R V Á R I a n d G E I G L E R , 1 9 8 2 ) . 
The effects of the short (30-15 and 15-7.5 min.) 2/1 proportioned light-dark 
periods applied by us essentially differ from the abo\e; normal grana develop, the 
ratio of chlorophyll a/b is only slightly higher than in the 16-8 hours control LDP, 
the plants flower and produce. The changes in the membrane system of the chloro-
plasts are generally not so drastic as in the case of short light-long dark treatments. 
Therefore, our electronmicroscopic studies serve with data to the relationship between 
the membrane structure and utilization of light. 
The present paper reports on the changes of chloroplasts of the 3rd leaf of 
4 week old beans grown in 30-15 and 15-7.5 min. LDP-s, compared to the 16-8 
hours control. Attempt was made firstly to correlate the degree of thylakoid aggre-
gation, the amount and ratio of stacked and unstacked membranes with dry-matter 
production. 
Material and Methods 
The studies were performed on Phaseolus vulgaris L. c. v. Valja beans. The plants were grown 
in phytotron (HORVÁTH. 1972), in the mixture of sand-perlite 1:1, with nutrient of HOAGLAND 
(REYSS a n d BOURDU, 1 9 7 0 ) . T h e m o i s t u r e c o n t e n t o f t h e s o i l w a s 7 0 % o f t h e w a t e r c a p a c i t y . T h e n u t -
rient suplly was ensured by 20 ml nutrient solution twice a week, the original humidity of the soil was 
maintained by daily watering with distilled water. The daily amount of light was the same. The control 
plants were grown in 16 hours continuous illumination and 8 hours dark. In the short-rhythm experi-
ments alternating periods of 30 min. light, 15 min. dark, and 15 min. light, 7.5 min dark were applied. 
The light flux density was 32 W m " s in the climate chambers, using F „ light tubes. Table 1 comprises 
the spectral energy dispersion of the light tubes. The plants were grown at constant temperature 
of 2 0 ± 1 °C. 
t-'or electronmicroscopic studies the samples were taken from the central part of the lateral 
leaflet of the 1. triparti te leaf at the age of 4 weeks. The leaf pieces with diameters of 0.5-1 mm were 
fixed in 3% glutaraldehyde, contrasted with 2% KMnO, solution, dehydrated in ethylalcohol series, 
and embedded into Durcupan A C M resin. The sections prepared with Reichert ul t ramicrotome were 
stained with Pb citrate. 
The pictures of the chloroplasts of the mesophyll palisade parenchyma were prepared by Tesla 
BS 212 E and Tesla BS 500 elecironmicroscope. The planar size of the plasts, the number and size 
of the grana, the grana/thylakoid number as well as the length and ratio of stacked a n d unstacked 
membranes were measured on pictures of known magnification. 30-40 plasts were evaluated per 
treatment. 
Table 1. Energy dispersion of F29 light tubes in the % of energy falling to the 400-700 nm wave 
domain. 
Violet Blue Green Yellow Orange Red 
400-436 nm 436-495 n m 495-560 nm 560-589 nm 589-627 nm 627-700 n m 
2.25 7.38 18.06 22.87 29.21 20.23 
Results 
In the experiments both the 30-15 min. and 15-7.5 min. light-dark periods 
decreased the production of the plants. As the results of the short periodical illu-
mination the total dry-matter production decreased to about the half. In tendency 
the organic dry-weight followed the trend of the total weight. 
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The dry-matter accumulation was the lowest in the 30-15 min. LDP, being only 
40% of that of the control plants. This is firstly the consequence of the more con-
siderable reduction in stem and leaf weights (Table 2). 
Table 2. Dry-mat ter product ion (related t o 1 plant). The data are the average values of 25-25 
plants per t reatment . Processing was accomplished at four weeks of age. 
Light t reatment 











part i te 
leaves 
total 
16-8 hours L D P 332 273 63 129 116 
49 
98 1012 
30-15 min. L D C 133 141 39 48 56 466 
15-7.5 min. L D C 137 179 33 62 55 74 540 
The size of the chloroplasts of the palisade parenchyma was enhanced by the 
short light-dark cycles (Table 3). The shape of the chloroplastschanged; they became 
elongated and flattened. 
A large amount of starch was found in the chloroplast of plants exposed to 
long-day (16-8 hours) LDP. 35% of the section-surface of the chloroplasts contained 
starch, the membrane system was found to aggregate at the peripheral areas (Plate I, 
Table 1 and 3). 
Table 3. The effect of short periodical t reatment on the s tructure of chloroplasts. 
The plasts of the palisade parenchyma of the 1. tr ipart i te leaves were evaluated. T h e data 
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L D P 
11 30 22 25 1.86 3.19 1.16 30 52 18 
30-15 min. 
L D C 
19 2 13 11 3.41 3.32 1.78 40 39 21 
15-7.5 min. 
L D C 
18 2 13 21 2.78 4.09 2.64 30 43 27 
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The assimilatory starch did not accumulate in thechloroplastsof bean lea vesgrown 
in short periodical illumination. 1 he amount and surface ratio of the grana (Table 3). 
The number of grana per section-surface increased on the effect of 15-7.5 min. 
LDP-s and decreased on that of 30-15 min. periodical illumination. Converted into 
unit surface the degree of decrease in the amount of grana (more than 50%) was 
rather significant in the 30-15 min. light-dark periods. 
In the leaves grown under continuous 16 hours illumination the surface ratio of the 
grana amounted to about 22% of the cut-surface of chloroplasts. The area of grana 
was reduced to nearly the half by the short cycles, from the whole sectionsurface the 
quota of grana was 13% in the case of both LDC-s. The effect of short periodical 
illumination on the shape of grana and the amount of grana/thylakoid (Fig. 1). 
granum heigh* 
( < u ) 
1.0 
0 . 6 
0 . 6 
0.4 
0 . 2 
16 -8h FSP 
2 0 % 
6 0 % 
15% 








30-15 min FSC 
J 0 % 
3 0 % 
6 0 % 









2 "5 th 6-14 th. 15-25 th granum width ( u ) 
F i g . 1. S ize o f g r a n a a n d d e g r e e o f t h y l a k o i d a g g r e g a i i o n . 
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Plate I. 1. light-dark cycle 16-8 hrs (25 000 X), 2. light-dark cycle 30-15 min (25 000 X). 
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a. T h e s i z e , h e i g h t a n d w i d t h of the grana 
On the basis of the thylakoid aggregation the grana were separated into 4 groups: 
standing of 2-5; 6-14; 15-24, and 25-35 thylakoids. 
The percental distribution of these four groups was also evaluated. 
In the chloroplasts of leaves growing in continuous light the grana made up of 
6-14 thylakoids were dominating, giving 60% of the total amount of grana. 
Due to the multiple adherence of the thylakoids the frequency of the grana 
composed of 15-35 compartments was 25% in the control chloroplasts. The grana 
having 2-5 thylakoids occurred in lowest number, their shape differed from the rest, 
the diameter of their width surpassed their height measures. 
Regularity, tight correlation was observed between the degree of thylakoid 
aggregation and the grana shape. The partition of the multithylakoidal grana was 
short, the height/width ratio was high. With the decrease of thylakoid aggregation 
the adhering surface of certain grana compartments became larger. 
On the effect of the periodical treatment, there was a change in the membrane 
organization of the chloroplasts. 
The uniform effect of the short rhythms was that the 25-35 thylakoidal, colum-
nar macrograna did not develop and the ones standing of 2-5 thylakoids occurred 
in 50-70%. 
Chloroplasts of varying membrane structure developed on the effect of 30-15 
min. light-dark cycles. 1 he heterogeneous plasts could be divided into three groups. 
Only one kind of chloroplast could be found within each palisade cell. 
1. The chloroplasts having granum structure, similar to those of the long-day 
illumination occurred in the highest amount, forming 55-60% of the studied plasts 
(Plate 1/2). Less high and wider grana developed in these chloroplasts. The 2 -5 
thylakoidal grana were the most frequent; 60% of the total amount of grana. 
The grana joined by 5-14 compartments were also frequent (30%), and the ones 
containing 15-25 thylakoids occurred in about 10%. 
Thi average thylakoid number of the grana decreased to almost the half com-
pared to the control. The smaller dsgres of aggregation was compensated by higher 
partition. The shape of the grana made up of similar amount of thylakoids changed 
in the 30-15 min. LDC, the partitions became longer (Fig. 1). 
2. In one part of the chloroplasts (25%) the grana intrathylakoidal spaces 
widened. The loculi found at the end granal membranes dilated into ducts having 
wide cavities and at many places into wide sacks. The cavity of the thylakoid loculi 
also varied within the grana. Many vesicules could be found at the end of the stroma 
lamellae, furthermore the interlamellar spaces also strongly widened (Plate II/l). 
The degree of aggregation of the thylakoids and the value of the grana surface ratio 
were similar to that of the previous group. 
Thus, destructive processes appeared in the chloroplasts on the effect of the 
30-15 min. LDC-s, becoming the general characteristics of the chloroplasts. On the 
effect of treatment the terminal vesicules of the grana, being contiguous with the 
stroma became swollen, the detached wall of the vesicules showed undulatory contour. 
The swelling not only appeared in the case of the vesicules having terminal 
location, but also in the stroma thylakoids, the diameter of the isolated, long lamellae 
was also dilated (Plate II/3). These processes of swelling were not characteristic 
to every chloroplast membrane, however, these manifestations commenced in 25% 
Plate I I . 1. light-dark cycle 30-15 min (25 000 X), 2. light-dark cycle 30-15 min (25 000 X), 3. light-
dark cycle 30-15 min (25 000 X). 
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of the studied chloroplasts, to a lesser or higher degree. 7he sporadical, short stroma 
lamellae took up undefined shape and undulatory contour. 
3. In close to 20% of the studied chloroplasts the columnar grana became com-
pletely swollen, the membranes became resolved. In the chloroplasts contrasted 
with KMnOj the spaces of the grana appeared as white patches, the chloroplasts 
showed mosaic appearance. In these chloroplasts the stroma lamellae dominated. 
It is presumably the destructive eifect of the dark periods of the short cycles which 
manifested, even affecting destructively the intact, developed chloroplasts (Plate II/2). 
The 15-7.5 min. LDC-s considerably decreased the average thylakoid number 
of the grana compared to the 16-8 hours long-day illumination, The significant 
reduction in thylakoid aggregation was shown by the 70% occurrence of the 2-5 
thylakoidal grana. Compared with the control the grana were wider, the adhering 
surface of each grana disc became larger. The grana made up of 15-22 thylakoids 
occurred in 7% (Plate III/l). 
The granal intrathjlakoidal spaces became dilated, the expansion of the loculi 
was firstly detectable in the case of the therminal grana thylakoids. Decomposition 
could not be observed in the membranes of the grana (Plate III/2). 
b. R a t i o o f S t a c k e d and u n s t a c k e d m e m b r a n e s 
The light-dark cycles substantially changed the membrane organization of the 
chloroplasts. 
The stacked membranes (partition) and the unstacked membranes (stroma 
lamellae+end membranes) were evaluated in respect to their lengths falling to unit 
surface and their proportion regarding the total membrane lengths. 
In the 16-8 hours treatment the ratio of stacked, membranes was strikingly 
high, the thylakoid membranes were made up of partitions in more than 50%. 
Th; proportion of the end granal membranes was 18% to the total membrane lengths, 
and that of the stroma lamellae was 30%. Even concerning unit area the length 
of the partition membranes was the greatest. 
In 30-15 min. light-dark periods the ratio of the stacked and stroma lamellae 
was identical (40%). lhe distribution of the grana standing of few (2-5) and many 
(7-22) thylakoids was found to be close to similar. 
The ratio of the unstacked membranes (stroma + end membrane) was 60%, 
being higher than that of the partitions (40%). Compared to the control a significant 
increase was experienced in regard to the ratio of the stroma lamellae, this being of 
slighter degree in the case of the end granal membranes. 
The end granal membrane lengths regarding surface unit increased from 1,1 ¡j. 
to 1,8 since the grana became wider with the lower degree of aggregation. At the 
same time the percental quota of the stacked membranes decreased from the total 
membrane length. 
The value of the total membrane length falling to 1 ti2 was higher in the case of 
the 30-15 min. LDC than in the control plasts; in the latter the value of lamellation 
per unit area was 6 n, which increased to 8,5 n in the 30-15 min. LDC. 
Compared to the 16-8 hours long-day illumination the 15-7.5 min. light-dark 
cycle significantly increased the ratio of end granal membranes on the one part 
(by 10%), on the other part it decreased the percental quota of the partition — also 
by 10%. 
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Plate III. 1. light-dark cycle 15-7.5 min (25 000 X) 2. light-dark cycle 15 7.5 min (25 000 X). 
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The partition length regarding unit area of the plasts surpassed the value of the 
other two light-treatments. The length of the total membrane system observed at an 
area of 1 n2 showed maximal values in the case of the 15-7.5 min. LDC. It was the 
surface of the end granal membranes which increased in the highest degree, surpassing 
twice the values of the control plants. This alteration could be explained by the 
increase in the amount of grana. 
Discussion 
The effect of light-treatments different from the natural rhythm — in the case 
of identical light intensity and illumination periods — is determined by the length 
of the light-dark periods. 
The control plants as well as those treated with light-dark periods received 
light of the same intensity. The daily total energy amount was also identical. Despite 
this, the alternating light-dark cycles resulted changes differing from the control. 
The rhytmic illumination caused a change in the photosynthetic structure. 
The utilization of light depends fundamentally on the organization of the 
chloroplast's membrane system, the size of the membranes, the degree of thylakoid 
aggregation, and the ratio of unstacked and stacked membranes. 
The light-dark cycles varying between I to 30 munites have in general unfa-
vourable effect on the development of the plants. In these cycles the leaves become 
yellowish-green, and the appearance of necrotic patches can be detected. There is a 
decrease in the accumulation of dry-matter, the chlorophylls and carotenoids become 
significantly decomposed, and in the latter stage of ontogenetic development the 
leaves become white as the consequence of destruction regarding the photosynthetic 
apparatus. 
The 30-15 min. LDC-s have decreasing or increasing effect on the dry-weight 
of the plants — depending on the type. The fact can be evidenced best in the case 
of this cycle that in the light-dark periods of lengths from 5 min. to 6 hours the photo-
synthetic utilization of light varies according to types ( F Ü L Ö P , 1 9 8 2 ; M A R Ó T I and 
M I H A L I K , 1 9 8 2 ; M A R Ó T I a n d P A T A K Y , 1 9 8 2 ) . 
In the case of the Valja bean both short cycles decrease the total production 
of the plants. The leaf production decreases to smaller extent in the 15-7.5 min. 
LDC; the dry-weight of the leaves is higher in this cycle than in the 30-15 min. LDC. 
It is our assumption that the degradation of the dry-matter is not caused by the 
accumulation in primary products, but by the destruction of the chloroplasts. 
The effect of the light-treatments on the structural state of the plasts is also well 
shown by the main product of the chloroplasts, the starch. The starch found in high 
amount and huge proportions in the plasts of the control leaves refers to the inten-
sive course of photosynthesis. Active starch synthesis can be manifested, the formed 
enormous starch grains fill out 30% of the chloroplast volume. In the leaves grown 
under short cycles only low amount of starch occurs in the chloroplasts (1-2%). 
The question arises, what relationship exists between the changes in the shape, 
amount and area ratio of the grana and the distribution of the adhered and single 
membranes? 
The number of grana was altered differently by the two kinds of short cycles. 
A decrease was observable in the 30-15 min. LDC, while in the 15-7.5 LDC the 
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granum number per cut surface was 30% more than in continuous light, and the area 
ratio decreased to almost the half. The area ratio of the grana depends on the number 
of grana and grana vesicules. In the 30-15 min. light-dark cycle the area ratio of the 
grana decreased proportionally with their amount. 
In one part of the chloroplasts of the plants grown under this cycle the structural 
destruction was irreversible, the grana thylakoids became completely decompodes, 
wholegrana "disappeared"; herethe depression of the photosynthetic COz assimilation 
is presumably of higher degree which could also be evidence in the smallest leaf 
product. 
The highest amount of grana developed in the 15-7.5 min. LDC, the large grana 
became disjointed, the quota of the smaller grana increased. The fact that the num-
ber of grana increased by 30% compered to the control, and their quota from the cut 
surface decreased almost to the half is partly the result of the change also in the size 
and shape of the chloroplasts. The length per width ratio of the chloroplasts increased 
since they became elongated and flattened. The smaller part of the larger plasts was 
occupied by the grana. On the other hand, there was also a decrease in the size of the 
grana. Firstly the increase of the stroma plasma was observable. The degree of 
chloroplast-organization was followed with attention by the values and distribution 
of the grana and stroma lamellae, as well as the stacked and unstacked membranes, 
resp. 
The flattening of the chloroplasts is also in connection with the thylakoid num-
ber per granum. The ratio of stacked and unstacked membranes shifted to the 
benefit of the unstacked membranes (stroma + end granal membrane) in the case 
of the short cycle plasts. This is significant in the 15-7.5 min. LDC, where there are 
more grana and the end granal membranes are longer. 
The end granal membrane length falling to 1 n2 and the quota of the end mem-
branes from the complete membrane system are the greatest; as well as the length 
of partition per unit area. 
The lamellar system is the most developed in the 15-7.5 min. LDC from the 
three light-treatments, and this is where the total thylakoid length per 1 n2 is the 
largest. 
Studying the relationship between the light utilization and the membrane 
system of the chloroplasts ( B J O R K M A N , 1 9 7 5 ; B O A R D M A N et al., 1 9 7 4 ; L I C H T E N T H A L E R , 
1 9 8 1 ; P R E N Z E L et al., 1980) it becomes evident from the works of the listed authors 
that the formation of grana is greatly influenced by the intensity of illumination. 
Low light intensity or reduced radiance is favourable for the development of grana, 
and the surface of membranes per unit area is rather large. 
The structure of the chloroplasts developing on the effect of the short cycles 
applied in our experiments is similar to the shade type chloroplasts, in so far as no 
starch is accumulated, the grana are wider, less grana can be found per unit surface, 
and the total thylakoid length per unit area is rather high. 
There are sifferences, however, in regard to the degree of thylakoid aggreation, 
as the adnating percentage of the thylakoids is lower. 
In the rhytmic chloroplasts the ratio of stroma lamellae and end granal mem-
branes increased from the whole membrane system, the efficiency of photosynthetic 
quantum-transformation decreased. In the 30-15 min and 15-7.5 min. LDC-s the 
alternation of the light-dark periods inhibits photosynthetic electron stream and 
weakens C 0 2 fixation. 
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Correlation was sought between the abnormal chlorophyll a/b ratio and the 
structural anomalies; that is, to what extent does the utilization of light depend 
on the development of the chloroplast membranes? 
One of the characteristic effects of the short periodical illumination is that 
there is a decrease in the area ratio of the grana. 
It is known that there is tight correlation between the production and granal 
thylakoid number ( H O R V A T H and M I H A L I K ) 1978 , 
Analysing the results, it could be determined that the damaging effect of the short 
light-dark periods is firstly manifested in the development of grana having fewer 
amount of thylakoids, the partition of which is higher. 
Destruction of larger degree leads to structural changes in the grana vesicules. 
This was experienced in the 30-15 min. LDC where the grana vesicules became 
swollen, then the thylakoids became decomposed. 
These morphological alterations also cause considerable decrease in the amount 
of chlorophylls and carotenoids. The chlorophyll-content shows positive correlation 
with the number of grana vesicules found in the chloroplasts. 
The change in the amount of chlorophyll-b evidences the effect of the treatments 
the best. Certain plants react in various degrees; in bean and mustard leaves the 
amount of chlorophyll-b decreases to a large extent, therefore there is an increase 
in chlorophyll a/b. Outstanding decrease is observable in the amount of violaxanthine, 
t o o (AL-SUBAI , 1980). 
The considerable decrease in xanthophylls and chlorophyll-b may also be the 
cause of the relative instability of the LHCP. 
The degradation of the chlorophyll-proteins is in connection with the decomposit-
ion of the thylakoids (LICHTENTHALER et al., 1981). The chlorophyll-protein complex 
becomes defected in the fiest place, which is in connection with the PSII. The signifi-
cant accumulation of the 2-6 thylakoidal grana could be explained by the fact that 
due to the short and frequent light-dark periods the cation/proton ratio on the stroma 
plasma and intrathylakoidal space often changes, and differs from the continuous 
light, resp., which alteration may also affect the chlorophyll-protein complexes 
participating in the adherence. 
The general effect of the short cycles studied by us is that they decrease the 
amount of starch and are also unfavourable to the accumulation of the total car-
bonhydrate and dry-matter (MAR6TI and M I H A L I K , 1982). 
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A b s t r a c t 
The Senonian sediments of the bore-hole of Csávoly-I (South Hungary) were investigated 
palynologically. The spore-pollen composition is different f rom those described f r o m the Bakony 
Region (Transdanubia). The presence of Endoinfundibulapollis TSCHUDY 1975 is also a pscularily 
of this assemblage, this form-genus has been reported previously. In our spore-pollen assemblage 
there are relatively high numbers of younger types, but at present it is best to give the geologic age, 
Upper Senonian, "Csávoly-type spore-pollen assemblage." 
Key-words: Palynology, Upper Cretaceous, Hungary. 
I n t r o d u c t i o n 
Hungary is relatively rich in Senonian sedimentary deposits, but our palynologic 
knowledge is poor in relation to that of the other countries of Europe. Moreover, 
selected data have been published from only one region (Transdanubia) and there 
is no information presently available from other areas in Hungary. 
The aim of the present investigation is a taxonomic elaboration of the complete 
spore-pollen assemblage of the south part of the Hungarian Plain, both from a 
paleoecological and stratigraphical point of view. This paper presents the first report 
on the Senonian palynology of South Hungary. 
M a t e r i a l s and M e t h o d s 
The investigation material was placed at my disposal by DR. M. Mucsi and DR. T. SZEDER-
KÉNYI (Department of Mineralogy, Geochemistry and Petrography, A. .1. University, Szeged). 
The following samples were studied f rom the borehole Csávoly-1: 
Csáv-I-1. — 18/1, 1271.5 — 1271.7 m. , limestone 
Csáv-I-2. — 19, 1310.5 — 1312.5 m. , limestone 
Csáv-1-3. — 23, 1487.0 — 1490.0 m. , marl with aleurite 
Csáv-I-4. — 24, 1540.0 — 1541.0 m., sandy marl 
Csáv-I-5. — 25, 1550.0 — 1551.0 m., marl, with quartz and pyrit 
Csáv-I-6. — 26, 1586.5 — 1587.5 m., marl, with sand and pyrit. 
The samples were prepared by using HCI, washing — separation with ZnCI, — washing — H F — 
washing, and the slides were prepared using glycerin-jelly. Only the LM method was used during 
the course of this investigation but it seems that fu ture electronmicroscopic studies would be of 
value projected. 
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Results 
I. N E W TAXA 
F o r m - g e n u s : Romeinipollenites KDS. and HERNGR. 1980 
Romeinipollenites hungaricus n. fsp. 
(Plate III, figs. 9, 10, fig. I) 
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Fig. I. Romeinipollenites hungaricus n. fsp. 
D i a g n o s i s 
Equatorial contour triangular, with slightly convex sides. Surface smooth or 
very finely scabrate. Extragerminal exine is about 1-1.5 urn, the infratectal layer is the 
thinnest between the ectexine layers. The structure is not clearly definible using light 
microscope methods. Exoapertures consist of very short asymmetrical colpi. The 
annulus is 3-4 nm thick and the vestibulum is narrow and short. 'I he diameter of the 
endopores is 4 -5 nm. 
D i a m e t e r : 24-30 |im. 
H o l o t y p e : Plate III, figs. 9. 10, slide Csáv-I-1-6. 19.3/105.8. 
L o c u s t y p i c u s : Csávoly. 
S t r a t u m t y p i c u m : limestone, upper Senonian. 
D e r i v a t i o n o m i n i s : f r o m Hungary. 
D i f f e r e n t i a l d i a g n o s i s : The smooth surface, the thinner annulus and the 
smaller size clearly separate this species from R. granulatus KDS . and HERNGR . 1980. 
F o r m - g e n u s : Inlerporopolleniles WEYL . and KRIEC. 1953 
Interporopollenites csavolyensis n. fsp. 
(Plate IV, figs. 1, 2, fig. 2) 
UPPER CRETACEOUS SPOROMORPHS FROM THE SOUTHERN PART OF HUNGARY (CSAVOLY) 7 7 
1 0 p 
Fig. 2. Inlerporopolleniles csavolyensis n. fsp. 
D i a g n o s i s 
Amb triangular, with straight or slightly concave sides. Surface finely punctate-
granulate. Extragerminal exine 1.5-1.8 urn thick, the tectum, infratectal layer and the 
foot layer are of equal thickness. The structure of the infratectal layer is not clearly 
visible by light microscopic methods, but it is probably granular.!heapertural areas 
are connected by arcus-like thickenings. Exoapertures are radially elongated pores, 
2 x 3 um. Vestibulum 3 um vide, endannulus 1.8 um thick. 
10 F 
Fig. 3. Papillopollis csavolyensis n. fsp. 
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D i a m e t e r : 20-28¡xm. 
H o l o t y p e : Plate IV, figs. 1, 2, slide Csav-I-2-3, 19.4/117.8. 
L o c u s t y p i c u s : Csavoly. 
S t r a t u m t y p i c u m : limestone, upper Senonian. 
D e r i v a t i o n o m i n i s : from Csavoly, the type locality. 
D i f f e r e n t i a l d i a g n o s i s : The smaller size and the punctate-granulate sur-
face serve to distinguish I. csavolyensis from I. plicaius KDS. and HEG. 1975. 
F o r m - g e n u s : Papillopollis PF. 1953 
Papillopollis csavolyensis n. fsp. 
(Plate IV, figs. 23. 24, fig. 3) 
D i a g n o s i s 
Amb triangular, with concave sides. Surface smooth or finely punctate. Inter-
apertural exine is 2 |im thick, the foot layer is the thinnest between the ectexine 
layers. Structure of the infratectal layer is not clearly visible by light microscopy. 
Exoapertures are short asymmetrical colpi. Annulus is 2 nm thick, the infratectal 
layer is thickened in the apertural region. Endoapertures striate. On both polar areas 
there are papilli in the form of triangles. The papillus is atypical and consists of several 
tectum remnants which are usually circular but are sometimes irregular in outline. 
D i a m e t e r : 14-20 nm. 
H o l o t y p e : Plate IV, figs. 23, 24, slide Csdv-I-1-2, 17.3/110.3. 
L o c u s t y p i c u s : Csdvoly. 
S t r a t u m t y p i c u m : limestone, upper Senonian. 
D e r i v a t i o n o m i n i s : from Csavoly, the type locality. 
D i f f e r e n t i a l d i a g n o s i s : The fine morphology of the polpapillus serves to 
distingish P. csavolyensis from P. guinelii K D S . and P I T T . 1979 and the presence of an 
atrium separates it from P. crelacicus K D S . and P I T T . 1979. 
Papillopollis csavolyensis n. fsp. forma magna n. f. 
(Plate IV, figs. 25, 26) 
The specimens of this fsp. range in size from 21 to 28 nm in diameter. 
2 . T H E S P O R E - P O L L E N A S S E M B L A G E O F T H E S E N O N I A N O F C S A V O L Y 
2.1. Ecologically important sporomorphs: Salviniaceae, Salvinia v. Azolla (Hyd-
rosporis ex gr. levis W. KR. 1962, pi. I, figs. 1. 2), Gleicheniaceae (Diclyophyllidiles 
ex gr. teuplilzensis (W. KR. 1962) n. comb, teuplitzensis, pi. I, figs. 3, 4, syn: 1962, 
KRUTZSCH. — Toroisporis (Toroisporis) teuplilzensis n. fsp. subfsp. teuplilzensis, 
p. 78, pi. 32, figs. 1-10, Dictyophyllidites fsp. pi. I, figs. 5, 6), Schizaeaceae, Schizaea 
(Cicatricososporites fsp., pi. II, figs. 7, 8, Reticulosporis fsp., pi. II, figs. 9. 10), Sela-
ginellaceae (Echinalisporis fsp., pi. I, figs. 15, 16), Pteridaceae (Polypodiaceoisporites 
fsp. 1, 2, pi. II, figs. 1, 2, 3, 4), Polypodiaceae (Polypodiiditessaalensis (W. KR. 1959) 
W. KR. 1963, pi. II, figs. 5, 6), Araucariaceae (Araucariacites balinkaense KDS. 
1974, pi. III. figs. 3,4). 
2.2. The Vadaszisporites group is characteristic of the entire Cretaceous (PI. I, 
figs. 7, 8, 9, 10), Cristatitriletes fsp. (pi. I, figs. 11, 12) and Callisporites fsp. (pi. I, 
figs. 13, 14) are relatively "old" spore types. 
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2.3. The very low number of gymnosperm pollen grains, and the lack of the 
Classopollis group also seems ecologically important. The few Abieiaceae pollen 
grains (Pityosporites fsp., 1, 2, pi. II, figs. 11, 12, pi. Ill , figs. 1, 2) probably came 
from the highland vegetation. 
2.4. From a paleophytogeographical point of view the Endoinfundibulapollis 
form-genus (E. dislincius R. I S C H U D Y 1975, pi. IV, figs. 5, 6, E. fsp., pi. IV. figs. 7, 8) 
has a special importance. 
2.5. Early Angiosperm pollen types, which first appear in the Lower Cretaceous: 
Relilricolpiles subtilimacidatus L A I N G 1975, pi. VI, figs. 11, 12, Relilricolpites exi-
guiexemplum L A I N G 1975, pi. VI, figs. 13, 14. 
2.6. Pollen types which have a general Senonian distribution: Gemmamonocol-
piles fsp., pi. ILL, figs. 5, 6, cf. Longanulipollis fsp., pi. ILL, figs. 7, 8, Complexiopollis 
lusitanicus KDS. and DIN. in print/a, pi. ILL, figs. 13,14, Interpolopolleniteszaklinskaiae 
KDS. and HEG. 1975, pi. ILL, figs. 15, 16, Inlerporopolleniles csavolyensis n. fsp., 
pi. IV, figs. 1, 2, Inlerporopolleniles slanleyi KDS. and HEG. 1975, pi. IV. figs. 3, 4, 
Suemegipollis triangularis G6cz . 1964, pi. IV, figs. 13, 14, Vacuopollis prezensis KDS. 
and DIN. in print/a, pi. IV. figs. 15, 16, Plicapollissilkatus PF. 1953, pi. IV. figs. 17,18, 
Plicapollis serta PF. 1953, pi. IV, figs. 19, 20, Verruoculopollis fsp., KDS. and DIN. 
in print/b, pi. IV, figs. 21, 22, Papillopollis csavolyensis n. fsp., pi. IV, figs. 23-26, 
Trudopollis proparvus PF. 1953, pi. V, figs. 3, 4, Tiudopollis hemipanus PF. 1953, 
pi. V, figs. 5, 6, Trudopollis fsp., pi. V, figs. 7, 8, cf. Trudopollis fsp., pi. V, figs. 9, 10, 
Normapolles fgen. et fsp. indet., pi. V, figs. 13, 14. 
2.7. Maestrichtian — Danian Normapolles types: Romeinipollenites hungaricus 
n. fsp., pi. ILL, figs. 9 , 10, Magnoporopollis krutzschii K D S . and H E R N G R . 1980, pi. ILL, 
figs. 11, 12, Pseudosculapollis tschudyi K D S . and H E R N G R . 1980, pi. I V , figs. 9, 10, 
Elsikipollenites maastrichliensis K D S . and H E R N G R . 1980 , pi. I V , figs. 2 7 , 2 8 , Tiudo-
pollis hojrupensis KDS. 1979, pi. IV, figs. 29, 30, Trudopollis triangulus KDS. and 
H E R N G R . , pi. I V , figs. 31 , 3 2 , Trudopollis lativerrucatus K D S . and H E R N G R . 1980, 
pi. V, figs. 1, 2 , Hofkeripolleniles capsula ( P F . 1953) K D S . and H E R N G R . 1980, pi. V , 
figs. 11, 12. 
2.8. Cretaceous — Tertiary pollen grains, which are for the most part character-
istic of the Lower Tertiary: Rugutriporiles balinkaense (KDS. 1974) KDS. 1982 subfsp. 
minor KDS. 1974, cf. Ulmaceae, pi. V, fig. 15, 16, Triporopolleniles minimus KDS. 1974, 
Juglaiulaceae, pi. V , figs. 17, 18, Triporopolleniles costatus T A K A H A S H I 1961, 
Corylaceae, pi. V, figs. 19, 20, Subtriporopollenites constans PF. 1953 subfsp. medius 
W. KR . and V A N H . 1977, cf. Juglandaceae, pi. V , figs. 21, 22, Subtriporopollenites 
constans PF. 1953 cf. subfsp. minor KDS. 1970, pi. V, figs. 23, 24, Subtriporopollenites 
facilis ( B O T S C H . 1960) K D S . 1970, Juglandaceae, pi. V I , figs. 1,2, Subtriporopollenites 
urkutensis K D S . 1974, Juglandaceae, cf. C A R Y A , pi. V I , figs. 3, 4, cf. Subtriporopol-
lenites fsp., pi. V I , figs. 5, 6, Ulmoideipites krempii A N D E R S . 1960, Ulmaceae, pi. V I , 
figs. 7, 8, Relitricolporites tenuiformis ( G R C O T , P E N N Y , and G R C O T 1961) K D S . in 
print, pi. VI, figs. 9, 10, Cupuliferoipollenites oviformis (R. POT. 1931) R. POT. 1960, 
Fagaceae, Castanea, pi. VI, figs. 15, 16, Cyrillaceaepollenites exaclus (R. POT. 1931) 
R. POT. 1960, Cyrillaceae, Clethraceae v. Theaceae, pi. VI, figs. 17, 18, Intragranuli-
tricolporites microporus KDS. 1978, pi. VI, figs. 19, 20, Intragranulitricolporites nolffi 
KDS. 1978, pi. VI, figs. 21, 22, Intragranulitricolporites grambasti KDS. 1978, pi. VI, 
figs. 23, 24, Nagyipollis fsp., pi. VI, fig. 25, 26. 
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Discussion and conclusions 
1. From a paleophytogeographical point of view the first European occurrence 
of Endoinfundibulapollis TSCHUDY 1975 is noteworthy. This, and other facts (the lack 
of Hungaropollis, Pseudopapillopollis) clearly separate this assemblage from those of 
Transdanubia, previously described from the Bakony region. To better understand 
the palynostratigraphy of the Senonian layers of the Carpath Basin it is necessary to 
obtain palynological data from the Balkan Peninsule. 
2. There are some problems regarding the palynological age of the Csávoly 
sedimentary deposits. It is pity that the palynological literature often includes reports 
only or exclusively of the stemma Normapolles as being present in assemblages from 
the Senonian. Therefore it is not so easy to establish the regional and stratigraphical 
value of the Poslnormapolles and other taxa. T he basic assemblage (Fish Clay, Lower 
Danian, KEDVES, 1979, Maestrichtian, stratotype, Gulpen Formation, KEDVES and 
HERNGREEN, 1980) are in the boreal region of the Normapolles province. Probably 
it will be necessary to create or modify the standards for the Mesogean region. 
In the Csávoly material there are pollen grains, in remarkable quantity, of so-called 
"younger type". Pseudoirudopollis crassiexinus is a pollen which seems to be cha-
racteristic of the Lower Maestrichtian. However, it is not present in the Csávoly 
section. Probably this is caused only by a regional difference. At present one could 
refer to it only as the "Upper Senonian, Csávoly-type". 
3. The paleophytogeographical differences within the boreal and mesogean 
(Mediterranean) regions must be studied in detail. A review discussing this point 
of view was made by KEDVES and DINIZ(in print/b). Based on the conclusion presented 
in this paper, a knowledge of the complete spore-pollen assemblages is urgently 
needed from other localities, such as Italy and the Balkan Peninsule etc. 
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Plate I 
I, 2. Hydrosporís ex gr. levis W. KR. 1962, Salvinia v. AZOLLA, slide Csáv-I-2-6, 6.8/106.9. 
3, 4. Diclyophyllidiles ex gr. teuplilzensis (W. KR. 1962) n. comb, leupliliensis. Gleicheniaceae 
slide Csáv-I-l-3, 19.1/102.8. 
5, 6. Diclyophyllidiles fsp. , Cleicheniaccae. slide Csáv-I-l-9, 14.7/116.4. 
7, 8. Vadaszisporites sacali DEÁK and COMRAZ 1967, Lvcopodiaceae. slide Csáv-I-2-3, 20.0/104 6 
9, 10. Cf. Vadaszisporites fsp. , slide Csáv-I-1-2: 6.9/118.0. 
I I , 12. Crislatilriletes fsp. , slide Csáv-I-2-2, 10.8/107.8. 
13. 14. Callisporiies fsp., slide Csáv-I-3-5, 3.9/113.8. 
15, 16. F.chinatisporis fsp., Selaginellaceae, slide Csáv-I-1-5, 7.2/118.9. 
N : xlOOO 
Plate II 
I, 2. Polypodiaceoisporites fsp. , , Pteridaeeae. slide Csáv-I-1-10. 19.7/101.4. 
3, 4. Polypodiaceoisporites fsp. . . Pteridaeeae. slide Csáv-I-6-3, 19.7/119.0. 
5, 6. Polypodiidiles sjalensis (W. KR. 1959) W. KR. 1963, Polrpodiacec.e. slide Csáv-I-1-4, 14.9/ 
104.3. 
7, 8. Cicatricosoporites fsp. , Schizaeaceae, Scliizaea. slide Csáv-I-3-7, 13.5/106.9. 
9, 10. Reliculosporis fsp. , Schizaeaceae. Scliizaea. slide Csáv-l-2-7, 16.7/110.3. 
I I , 12. Pilyosporites fsp. i , Ahietaceae. slide Csáv-I-l-2, 7.8/105.1. 
N : X 1 0 0 0 
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Plate III 
I, 2. PUyosporites f s p . „ Abietaceae. slide Csav-I-1-1, 10.3/117.8. 
3, 4. Araucariacites balinkaense K D s . 1974, Araucariaceae. slide Csiv-I-1-2, 15.9/116.6. 
5, 6. Cemmamonocolpiles f sp . , slide Csav-I-3-5, 16.6/103.6. 
7, 8. Cf . Longanulipollis fsp. , slide Csav-I-1-1, 16.3/110.9. 
9, 10. RomeinipoUenites hungaricus n . fsp . , slide Csav-I-1-6, 19.3/105.8. 
I I , 12. Magnoporopollis krutzschii KDS. a n d HERNGR. 1980, slide Csav-1-2-1, 5.3/104.9. 
13, 14. Cornplexiopollis lusitanicus KDS. and DIN. in pr int /a , slide Csav-I-1-3, 10.7/105.4. 
15 16. Inierporopolleniies zaklinskaiae KDS. and HEG. 15.75, slide Csav-I-1-2, 12.8/110.3. 
N : X1000 
Plate IV 
I , 2. Inierporopolleniies csavolyensis n . fsp . , slide Csav-I-2-3, 19.4/117.8. 
3, 4. Inierporopolleniies slanleyi KDS. a n d HEG. 1975, slide Csav-I-1-8, 19.9/114.1. 
5, 6. Endoinfundibulapollis disiincius R . TSCHUDY 1975, slide Csav-I-2-6, 17.6/111.7. 
7, 8. Endoinfundibulapollis fsp. , slide Csav-1-1-3, 12.9/107.3. 
9, 10. Pieudosculapollis Ischudyi KDS. and HERNGR. 1980, slide Csav-I-1-1, 15.2/114.8. 
11, 12. Pseudosculapollis fsp. , slide Csav-I-1-4, 15.8/108.3. 
13, 14. Suemegipollis triangularis G 6 c z . 1964, slide Csdv-I-2-9, 14.6/104.7. 
15, 16. Vacuopollis prezensis KDS. and DIN. in pr int /a , slide Csav-I-1-8, 19.6/117.8. 
17, 18. PlicapoUis silicalus PF. 1953, slide Csav-I-1-5, 7.4/117.5. 
19, 20. PlicapoUis serla PF. 1953, slide Csav-I-1-9, 20.8/109.5. 
21, 22. Verruoculopollis f sp . , KDS. and DIN. in pr in t /b , slide Csav-I-1-10, 12.7/109.5. 
23, 24. PapiUopollis csavolyensis n. fsp . , subfsp . csavolyensis, slide Csav-I-1-2, 17.3/110.3. 
25, 26. PapiUopollis cscvolyensis n . fsp. f o r m a magna n . f. , slide Csav-I-1-5, 17.4/109.3. 
27, 28. Flsikipollenites maastrichtiensis KDS. and HERNGR. 1980, slide Csav-I-1-2, 21.1/113.7. 
29, 30. Trudopollis hojrupensis KDS. 1979, slide Csav-I-1-8, 17.3/116.8. 
31, 32. Trudopollis iriangulus KDS. and HERNGR. 1980, slide Csav-I-1-2, 15.5/111.9. 
N : xlOOO 
Plate V 
1, 2. Trudopollis lativerrucatus KDS. and HERNGR. 1980, slide Csav-I-1-9, 16.1/115.3. 
3, 4. Trudopollis proparvus PF. 1953, slide Csav-1-1-6, 8.6/116.8. 
5, 6. Trudopollis hemiparvus PF. 1953, slide Csav-I-1-1, 8.3/114.7. 
7, 8. Trudopollis fsp. , slide Csav-I-1-3, 14.7/116.9. 
9, 10. Cf . Trudopollis f sp . , slide Csav-1-1-6, 12.9/116.2. 
I I , 12. Hofkeripollis capsula (PF. 1953) KDS. and HERNGR. 1980, slide Csav-I-1-2, 18.3/105.4. 
13, 14. Normapolles fgen. et f sp . indet. , slide Csav-I-1-1, 8.2/106.3. 
15, 16. Rugutriporites balinkaense (KDS. 1974) KDS. 1982 subfsp . minor KDS. 1974, cf . Ulmaceae, 
slide Csav-I-1-10, 6.7/110.8. 
17, 18. Triporopolleniles minimus KDS. 1974, cf . Juglandaceae, slide Cs4v-I- l -4 , 4.6/103.3. 
19, 20. Triporopolleniles coslalus TAKAHASHI 1961, Corylaceae, slide Csdv-I-1-5, 16.8/105.3. 
21, 22. Subtriporopolleniles constans PF. 1953 subfsp . medius W. KR. and WANH. 1977, cf . Juglan-
daceae. slide Csav-I-1-8, 8.5/105.8. 
23, 24. Subtriporopolleniles constans PF. 1953 cf. subfsp . minor KDS. 1970, slide Cs4v-I- l -9 ,13.6/115.9 
N : xlOOO 
Plate VI 
I, 2. Subtriporopolleniles facilis (BOTSCH. 1960) KDS. 1970, Juglandaceae, slide Csav-I-1-7, 
9.5/112,4. 
3, 4. Subtriporopolleniles urkutensis KDS. 1974, Juglandaceae, cf . Carya, slide Csav-I-1-1, 16.1/ 
117.0. 
5, 6. Cf . Subtriporopolleniles f sp . , slide Csav-I-1-1, 12.2/114.4. 
7, 8. Ulmoideipites krempii ANDERS. 1960, Ulmaceae, slide Csav-I-1-1, 20.3/115.2. 
9, 10. Retilricolpites tenuiformis (GROOT, PENNY and GROOT, 1961) KDS. in print , slide Csav-I-1-2, 
9.7/108.5. 
I I , 12. Retilricolpites subtilimaculatus LAING 1975, slide Csiv-1-1-2, 11.4/110.6. 
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13, 14. Retitricolpites exiguiexemplum LAINO 1975, slide Csav-I-1 - 1 , 21.2/110.9. 
15, 16. Cupuliferoipollenites oviformis (R. Рот. 1931) R . Рот. 1960, Fagaceae, Casianea. slide Csav-
I - 1 - 1 , 1 5 . 0 / 1 0 9 . 8 . 
17, 18. Cyrillaceaepolleniles exact us (R. Рот. 1931) R. Рот. 1960, CyriUaceae. Clethraceae v. Thea-
ceae, slide Cs4v-I-1-1, 6.1/118.7. 
19,20. Intragranulitricolporites microporus KDS. 1978, slide Csiv-I-1-9, 15.7/102.4. 
21, 22. Intragranulitricolporites wolffi KDS. 1978, slide Csav-I-1-1, 19.0/106.0. 
23, 24. Intragranulitricolporites grcmbasti KDS. 1978, Fabaceae. slide Csav-1-1-2, 16.7/116 9 
25 ,26 . Nagyipoiiis fsp., slide Csav-I-2-4, 18.6/107.0. 
N : xlOOO 
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Plate I. 
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P l a t e I I . 
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Plate i n . 
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P l a t e I V . 
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Plate V. 
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ÉTUDE PALYNOLOGIQUE D'UN LIGNITE 
TERTIAIRE DE BLAO, VIET-NAM -I-
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Sommaire 
L'élude du contenu sporo-pol l in ique d 'un échanti l lon de lignite provenant de la région de Blao 
(Sud du Vie t -Nam) permet de me t t r e en évidence 12 espèces de fo rme de spores, 7 espèces de pollens 
de Gymnospermes , et 56 espèces de pollens d 'Angiospermes. Parmi celles-ci deux genres et 50 espèces 
de fo rme sont nouveaux. La compos i t ion pollinique indique une végétation tropicale. Quelques 
fo rmes ; p. ex. Dacrvdiumites sont p robab lement originaires d 'Austral ie . La fo rme d o m i n a n t e est 
un pollen de Palmiers affine a u genre Didymosperma; l ' abondance du genre llex est également 
remarquable . Le pollen d'Ilex est c o n n u en grande quant i té dans les couches Pliocènes de Japon . 
Au point de vue de l 'âge, l 'absence de pollen de Composés et d 'Ombell i fères pose un problème. 
N o u s pouvons fixer l 'âge probable a u Pliocène, mais le Miocène n'est pas tout à fa i t exclu. 
Mots clé*: Palynologie — Tert ia i re supérieur — Viet -Nam. 
Introduction 
La matière d'investigation, un échantillon provenant des sédiments houilliers 
du Blao, a été prélevé par le Professeur S A U R I N en Juin 1965 et mis à ma disposition 
par M O N S . P H . G U I N E T , directeur adjoint du Laboratoire de Palynologie, Mont-
pellier. De plus, M O N S . P H . G U I N E T m'a communiqué des renseignements biblio-
graphiques importants concernant la végétation actuelle du Sud du Viet-Nam. 
Je tiens à leur exprimer mes remerciements les plus sincères pour leur aide cordiale. 
L'âge des sédiments houilliers, selon les communications antérieures n'est pas fixé; 
Pliocène? 
Étant donné, que, à notre connaissance il n'existe aucun document concernant 
la Palynologie du Viet-Nam, toutes données sur ce sujet ont une importance primor-
diale. Nous espérons, que plusieurs travaux suivront cette étude. 
Matière et méthode 
L'échantil lon a été préparé p a r l ' a t taque à l 'acide nitrique (DELCOURT, MULLENDERS et PIÉRAT 
1959) puis les bi tumes ont été éliminés par l 'action de K.OH. En dernier lieu, on a t rai té p a r F H . 
Les é tudes au microscope opt ique ont été effectuées par un microscope N F P K avec l ' immersion 
à huile xlOO. Les microphotos ont été fa i ts à un grossissement de xlOOO, mais les planches ont été 
réduites selon la justification de la revue. 
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Résultats 
Note. — Locus typicus: Blao, stratum typicum: couches houillières. 
F g e n . : Baculaiisporiies PF. et TH. 1953. 
La révision des spores fossiles des Osmundaceae du Tertiaire a été effectuée par 
KRUTZSCH ( 1 9 6 7 ) . 
1. Baculaiisporiies blaoensis n. fsp. (Planche I, fig. 1, 2). 
D i a g n o s e 
Contour équatorial circulaire ou elliptique. Les branches de la marque de tétrade 
n'atteignent pas le contour équatorial, r = 1/2-3/4. L'épaisseur de l'exospore de 
I à 1,7 цт. L'exospore se compose de deux couches, suivant les études au microscope 
optique. La couche extérieure est beaucoup plus épaisse que la couche intérieure. 
L'ornementation est très variable, baculée, ces éléments sont larges; quelquefois 
leurs extrémités sont épaissiès, la sculpture est alors clavée. La plus grande partie 
de l'ornementation est verruqueuse ou rugulée, la base des éléments de 2 à 4 //m. 
Autour des laesurae les éléments sculpturaux forment une pseudotorus. 
Plus grande d i m e n s i o n : 55-70цт. 
H o l o t y p e : Planche I, fig. I, 2, prep. Blao-17; 15, 6 /112, 4. 
D e r i v a t i o n o m i n i s : de la localité type. 
D i a g n o s e d i f f érent i e l l e : la sculpture du B. quintus (PF. et TH. 1953) W. KR. 
1967 est de forme polygonale ou allongée. Les éléments de la sculpture sont papilloides. 
baculés ou verruqueux chez le B. primarius ( W O L F F 1934 ) TH . et PF. 1953. Ces carac-
tères sont bien distincts de ceux de l'espèce de forme nouvelle décrite ci-dessous. 
II y a lieu de noter que la différence entre les espèces mentionnées plus haut n'est pas 
très grande. 
Appartenance botanique probable: Osmundaceae, Osmunda; O. presliana SM. 
type selon KRUTZSCH (1967) de Hongkong. 
F g e n . : Foveotriletes V A N D E R H A M M E N 1954 ex R . РОТ. 1956. 
1. Foveotriletes asiaticus n. fsp. (Planche I, fig. 3, 4). 
D i a g n o s e 
Contour équatorial sub-triangulaire convexe, à angles largement arrondis. Les 
laesurae de la marque de tétrade n'atteignent pas le contour équatorial, r = 3/4-4/5. 
Autour des laesurae il y a des bourrelets arrondis minces, de 1,5 ц т d'épaisseur! 
Ces bourrelets sont prominents et semblables à ceux du genre de forme Biretisporites. 
L'épaisseur de l'exospore est de 1,5 à 2 ц т ; elle se compose de deux couches, la 
couche inférieure est beaucoup plus épaisse que la couche extérieure. Le diamètre 
des perforations n'atteint pas en général 0,5 ц т ; elles sont irrégulièrement disposées. 
Plus grande d i m e n s i o n : 4 8 - 6 0 ц т . 
H o l o t y p e : Planche I, fig. 3, 4, prep. Blao-7; 19,0/107,2. 
D e r i v a t i o n o m i n i s : de l'Asie. 
D i a g n o s e d i f f érent i e l l e : la dimension et le contour distinguent bien l'espèce 
de forme nouvelle de celles décrites par K R U T Z S C H ( 1 9 6 7 ) . K R U T Z S C H ( 1 9 6 2 ) a décrit 
le fgen. Microfoveolalisporis qu'il distingue essentiellement du genre Foveotriletes 
par le contour. Ici, il y a lieu de souligner, que ce ne peut pas être un caractère distinc-
tif; d'autre part il est intéressant que les spores du Blao sont de ce point de vue entre 
les deux genres mentionnés plus haut. F. margaritae ( V A N DER H A M M E N 1954) G E R M . 
et al., 1968 est plus petit et le diametre des perforations (foveolae) de 0,5 à 2 ц т par 
rapport de notre espèce nomelle. 
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Appartenance botanique probable: Filicinae. 
2. Foveotrileles hammenii n. fsp. (Planche I, fig. 5, 6). 
D i a g n o s e 
Contour équatorial triangulaire convexe, coins largement arrondis. Les laesurae, 
atteignent en général le contour équatorial et souvent se divisent à leurs extrémités. 
L'exospore est épaisse de 1 ц т environ, elle se compose de deux couches, la couche 
• extérieure est plus épaisse que la couche intérieure. Les perforations, de 0,5 à 0,7 ц т 
de diamètre, sont quelquefois de forme allonguée de 2 à 3,5 ц т de longueur. 
P lus g r a n d e d i m e n s i o n : 32-40 ц т . 
H o l o t y p e : Planche I, fig. 5, 6, prep. Blao-12; 5,1/117,5. 
D e r i v a t i o n o m i n i s : e n hommage au Professeur T. V A N D E R H A M M E N (Amster-
dam) qui a décrit le premier ce genre de forme. 
D i a g n o s e d i f f é r e n t i e l l e : la taille plus petite, les laesures plus longues et les 
perforations parfois allongés distinguent nettement cette espèce du F. asiaticus n. fsp. 
Appartenance botanique probable : Filicinae. 
F g e n . : Polypodiaceoisporiies R. POT. 1956 non 1951 
1. Polypodiaceoisporiies saurinii n. fsp. (Planche I, fig. 7, 8). 
D i a g n o s e 
Contour équatorial triangulaire, côtés nettement concaves ou convexes, angles 
arrondis. Zone large de 3 à 4 ц т environ. Les laesurae sont longues, mais n'atteignent 
pas toujours le bord interne de la zone, r = 4/5-5/5. Autour des laesurae il y a un 
bourrelet arrondi de 2 à 3 ц т de largeur. La sculpture de la surface proximal du corps 
central est granuleuse à verruqueuse, ces éléments variant de 0,7 à 1,5 ц т de diamètre. 
Les verrues s'anastomosent souvent et la sculpture est parfois rugulée. La longueur 
de ces éléments est variable, en général de 3 à 5 ц т , la largueur est 1,5 ц т environ. 
La sculpture de la face distale est presque identique à celle de la surface proximale, 
seule l'ornementation rugulée y est plus fréquente. 
Plus grande dimension : 35-45 ц т . 
H o l o t y p e : Planche I, fig. 7, 8, prep. Blao-13; 8,6/107,2. 
D e r i v a t i o n o m i n i s : e n hommage à Mons. le Professeur S A U R I N , qui a prélevé 
l'échantillon étudié. 
D i a g n o s e d i f f é r e n t i e l l e : le P. verruspeciosus W. KR. 1959 est plus petit et la 
sculpture du corps central est plus frappante que chez l'espèce de forme nouvelle 
décrite. La sculpture verruqueuse caractéristique du corps central du P. saxonius 
W. KR. 1967 est un caractère distinctif. La sculpture rugulée mesure de 2 à 4 ц т 
du P. rugulatearis KDS. et J. R. 1965. Le P. brevisculptalus KDS. 1973 est beaucoup 
plus petite que l'espèce de forme décrite. 
Appartenance botanique probable: Pleridaceae. 
2. Polypodiaceoisporiies guinetii n. fsp. (Planche I, fig. 9, 10). 
D i a g n o s e 
Contour équatorial triangulaire, côtés nettement concaves ou convexes, angles 
largement arrondis. Zone large de 3 à 5 ц т . Les laesurae sont longues mais n'at-
teignent pas en général le bord interne de la zone. Les laesurae sont nettement 
sinueuses. Elles sont entourées par un torus remarquable, de 2 à 3 ц т de longueur. 
L'ornementation de la surface proximale du corps central est fine, verruqueuse-
rugulée. Le diamètre, c'est dire la largeur des éléments de la sculpture est 1 ц т environ. 
La sculpture de la surface distale est orientée selon la direction des rayons de la spore. 
Cette ornementation est complètement différente à celle de la surface proximale qui 
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est rugulée; la dimension des éléments de la sculpture est de 3 à 6 pm. Rarement 
il y a des verrues de 2 pm de diamètre. 
Plus grande dimension: 40-50 pm. 
H o l o t y p e : Planche I, fig. 9, 10, prep. Blao-7; 21,1/110,0. 
D e r i v a t i o n o m i n i s : en hommage à M O N S . P H . G U I N E T directeur adjoint 
à l'E. P. H. E. Laboratoire de Palynologie, Montpellier. 
D i a g n o s e d i f f é r e n t i e l l e : le P. triangulus KDS. et J. R. 1965 est beaucoup 
plus petite, et l'ornementation de l'hemisphère distal est de forme de triangle. La sculp-
ture proximale du P. tatabânyensis KDS. 1966 est complètement différente que notre 
espèce de forme nouvelle. 
Appartenance botanique probable: Pteridaceae. 
F g e n . : Undulozonosporiles KDS. 1966. 
1. Undulozonosporiles blaoensis n. fsp. (Planche I, fig. 11, 12). 
D i a g n o s e 
Contour équatorial triangulaire à angles largement arrondis. Côtés nettement 
convexes ou concaves. Une zone de 1 à 3 pm large est nettement ondulée. Les laesurae 
de la marque de tétrade sont longues, mais en général n'atteignent pas le bord interne 
de la zone, r = 4/5. Autour des laesurae il y a un torus de 2 à 3 pm de large. La sculpture 
de la surface proximale du corps central est finement rugulée, parfois verruqueuse, 
les éléments de la sculpture mesurent de 1,5 à 2 pm. Le caractère de l'ornementation 
de la surface distale du corps central est identique avec celle de la surface proximale, 
mais les éléments sont plus grands et plus allongés, de 2 à 2,5 pm environ. 
P lus g r a n d e d i m e n s i o n : 35-45 nm. 
H o l o t y p e : Planche I, fig. 11, 12, prep. Blao - 13 ; 19,9/104,1. 
D e r i v a t i o n o m i n i s : de la localité type. 
D i a g n o s e d i f f é r e n t i e l l e : il y a une seule forme semblable (fsp. 2, K E D V E S , 
1973) dans la litérature, les autres espèces de forme Européennes sont complètement 
différentes. 
Appartenance botanique probable: Pteridaceae. 
F g e n . : Laevigatosporites I BR . 1933. 
1. Laevigatosporites haardti (R. POT. et VEN. 1934) TH. et PF. 1953 subfsp. 
haardtioides W. KR. 1967, Polypodiaceae (Planche I, fig. 13, 14). 
Lcgende de la P lanche I 
Fig. 1, 2. Baculatisporites blaoensis n . fsp. , Osmundaceae. Osmunda, prep. Blao-17; 15.6/112.4. 
Fig. 3, 4. Foveotriletes asiaticus n . fsp . , prep. Blao-7; 19.0/107.2. 
Fig. 5, 6. Foveotriletes hammenii n . fsp. , prep. Blao-12; 5.1/117.5. 
Fig. 7, 8. Polypodiaceoisporites saurinii n. fsp . , Pteridaceae, prep. Blao-13; 8.6/107.2. 
Fig. 9, 10. Polypodiaceoisporites guinetii n . fsp. , Pteridaceae, p rep . Blao-7; 21.1/110.0. 
Fig. 11, 12. Undulozonosporites blaoensis n. fsp . , Pteridaceae, prep. Blao-13; 19.9/104.1. 
Fig. 13, 14. Laevigatosporites haardti (R . POT. et VEN. 1934) T h . et PF. 1953 subfsp . haardtioides 
W. KR. 1967. Polypodiaceae, prep. Blao-5; 18.1/114.9. 
Fig. 15, 16. Laevigatosporites nitidus (MAMCZAR 1960) W . KR. 1967 subfsp . blaoensis n . subfsp . , 
Polypodiaceae. prep. Blao-1; 21.3/117.2. 
Fig. 17, 18. Microfoveolatosporis microsculptus n. fsp. , prep. Blao-17; 15.5/111.7. 
Fig. 19, 20. Verrucatosporites vancampoae n . fsp . , Polvpodiaceae, prep. Blao-15; 16.6/107.1. 
Fig. 21, 22. Verrucatosporites alienus (R . POT. 1931) TH. e t PF. 1953, Polypodiaceae, p rep . Blao-10; 
8.2/116.1. 
Fig. 23, 24. Verrucatosporites guinetii, n . fsp . , prep. Blao-5; 4.9/102.7. 
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2. Laevigatosporiles nitidus ( M A M C Z A R 1950 ) W . K R . 1 9 6 7 subfsp. blaoensis 
n. subfsp. (Planche I, fig. 15, 16). 
D i a g n o s e 
L'exospore de 0,8 pm épaisse, la marque de tétrade est courte, 1/2 de la longueur 
de la spore. 
Plus grande dimension : 45-53 pm. 
Subfsp. type: Planche I, fig. 15, 16, prep. Blao-1; 21,3/117,2. 
D e r i v a t i o n o mi ni s: de Blao, localité type. 
D i a g n o s e d i f f é r e n t i e l l e : l'exospore plus mince, et en premier lieu la marque 
de tétrade courte distinguent bien cette forme du L . nitidus ( M A M C Z A R 1 9 6 0 ) W . K R . 
1967 subfsp. nitidus. 
Appartenance botanique probable : Polypodiaceae. 
F g e n . : Microfoveolalosporis W. KR. 1959. 
1. Microfoveolalosporis microsculplus n. fsp. (Planche I, fig. 17, 18). 
D i a g n o s e 
Spores monolètes. La surface est finement microfovéolée. Le diamètre des 
fovéoles est de 0,5 pm environ. L'épaisseur de l'exospore est environ 1 |im. La marque 
de tétrade n'atteint pas le grand diamètre de la spore; les extrémités sont souvent 
divisées. Autour des laesurae il y a un bourrelet arrondi, assez mince, de 0,5 à 1 (im. 
P lus g r a n d e d i m e n s i o n : 40—50 pm. 
H o l o t y p e : Planche I, fig. 17, 18, prep. Blao-17; 15,5/111,7. 
D e r i v a t i o n o m i n i s : de la sculpture fine. 
D i a g n o s e d i f f é r e n t i e l l e : la taille relativement petite, et l'exospore plus 
mince distinguent bien cette espèce de M. neogranuloides W. KR. 1967. 
Appartenance botanique probable: Pteropsida, Filicinae. 
F g e n . : Verrucalosporiles TH. et PF. 1953. 
1. Verrucalosporiles vancanipoae n. fsp. (Planche I, fig. 19, 20). 
D i a g n o s e 
Spores monolètes. Surface finement verruqueuse, les éléments de l'ornementation 
sont plats, et de 1,5 à 2 pm de diamètre. L'épaisseur de l'exospore n'atteint jamais 
1 pm. La marque de tétrade est relativement courte, r = 1/2 environ. 
P lus g r a n d e d i m e n s i o n : 28—35 pm. 
H o l o t y p e : Planche I, fig. 19, 20, prep. Blao-15; 16,6/107,1. 
D e r i v a t i o n o m i n i s : en hommage à M M E . M . V A N C A M P O , directeur du 
Laboratoire de Palynologie, Montpellier. 
D i a g n o s e d i f f é r e n t i e l l e : il y a une certain ressemblance avec V. arctoter-
liarius W. KR. 1967 subfsp. arctotertiarius, mais l'ornementation de notre espèce 
est plus fine que celle mentionnée précédemment. Les éléments de la sculpture du 
V. microverrucalus W. KR. 1967 sont plus marquées et l'exospore est plus épaisse que 
chez les spores du Blao. 
Appartenance botanique probable : Polypodiaceae. 
2. Verrucalosporiles alienus (R. POT. 1931) TH. et PF. 1953, Polypodiaceae 
(Planche I, fig. 21, 22). 
Il semble que ce soit un type cosmopolite des Polypodiaceae. 
3. Verrucalosporiles guinelii n. fsp. (Planche I, fig. 23, 24). 
D i a g n o s e 
Spores monolètes. Sculpture verruqueuse, les éléments de la sculpture sont de 
2 pm de haut et de 2 à 3 pm de large. L'épaisseur de l'exospore est de 2,5 pm environ. 
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La marque de tétrade est relativement longue, mais n'atteint jamais les extrémités 
de la spore, r = 4 / 5 . 
P lus g r a n d e d i m e n s i o n : 43—50 pm. 
H o l o t y p e : Planche I, fig. 23, 24, prep. Blao-5; 4,9/102,7. 
D e r i v a t i o n o m i n i s : en hommage à M O N S . P H . G U I N E T . 
D i a g n o s e d i f f é r e n t i e l l e : les éléments de la sculpture et la taille plus petite 
de notre espèce nouvelle permettent de la distinguer aisément du V. alienus (R. POT. 
1 9 3 1 ) T H . et P F . 1 9 5 3 . Le V. semiclavalus A K Y O L 1 9 6 4 est beaucoup plus grand. 
Appartenance botanique probable: Polypodiaceae. 
F G E N . : Dacrydiumites C O O K S O N 1 9 5 3 . 
1 . Dacrydiumitesflorinii C O O K S O N et P I K E 1 9 5 3 , Dacrydium (Planche II, fig-1 — 4 ) . 
Note. — Selon Potonié (1958) ce genre de forme est synonyme du Phyllocladi-
dites ( C O O K S O N 1947) C O U P E R 1953. Il est à noter que l'espèce florinii n'a pas été 
classé dans le genre Phyllociadidites. Il nous semble que pour résoudre ce problème 
il faut attendre des documents plus amples. Pour l'affinité botanique, voir le livre de 
W A N G et al., (1960). 
F G E N : Pityosporites S E W A R D 1 9 1 4 . 
1. Pityosporites insignis ( N A U M . ex B O L C H . 1 9 5 3 ) W . K R . 1 9 7 1 , Abietaceae, 
Pinus (Planche II, fig. 5, 6). 
Note. — Suivant Huang (1972) ressemble à Pinus massoniana. 
F g e n . : Podocarpidites ( C O O K S O N 1947) R . P O T . 1958. 
Ici il y a lieu de citer le travail de S I V A K ( 1 9 7 5 ) : p. 3 5 8 "En effet la diversité des 
caractères morphologiques des calottes dans ces deux genres est telle qu'il faudrait 
pratiquement créer un type par espèce surtout pour le genre Podocarpus." Il nous 
semble que les alvéoles qui ne forment pas une image de reticulation en coupe optique 
peuvent également fourni un des caractères des pollens des Podocarpaceae. 
1. Podocarpidites vancampoae n. fsp. (Planche II, fig. 7, 8). 
D i a g n o s e 
Sillon mince et allongé. L'exine est très mince, généralement moins de 1 pm 
d'épaisseur. Le tectum est perforé, le diamètre des perforations est d'environ 0,5 pm. 
La structure de la couche infratectale n'est pas observable au microscope optique. 
Le contour des ballonnets est demi circle. Le tectum est imperforé à ces endroits 
et de 0,5 pm d'épaisseur. La structure des alvéoles en coupe optique est irrégulière, 
"intrarugulée" seulement au bord du corps du grain, et disposé radialement. La lon-
gueur des éléments est de 1,5 à 2 pm environ. 
P lus g r a n d e d i m e n s i o n : 55—65 pm. 
H o l o t y p e : Planche II, fig. 7, 8, prep. Blao-5; 13,7/107,5. 
D e r i v a t i o n o m i n i s : en hommage à M M E . M. V A N C A M P O qui a beaucoup 
contribué à la connaissance des pollens des Gymnospermes. 
D i a g n o s e d i f f é r e n t i e l l e : la forme des ballonnets, le rapport du diamètre 
du grain et des ballonnets, séparent bien des espèces de forme européennes décrites 
dans le travail de K R U T Z S C H (1971). Il y a une certain ressemblance avec le pollen du 
Podocarpus gracilior qui a été trouvé dans le Tertiaire supérieur d'Angola ( K E D V E S 
et S I M O N C S I C S (1978). 
Appartenance botanique probable : Podocarpaceae, Podocarpus nanhoensis type 
( H U A N G , 1 9 7 2 ) . 
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2. Podocarpidiies sivakii n. fsp. (Planche 11, fig. 9, 10). 
D i a g n o s e 
Les ballonnets sont un peu plus grands que le corps du grain de pollen. Le sillon 
est long. La surface du grain est finement granuleuse. L'exine mesure de 1,5 à 2 p m 
d'épaisseur. L'épaisseur du tectum des ballonnets est d'environ 0,5 pm. Le système 
alvéolaire est irrégulier. Près du corps du pollen il y a une disposition radiale des 
éléments de la structure, mais les dimensions des alvéoles ne diffèrent pas sous le 
tectum, et à l'intérieur du ballonnet. 
P lus g r a n d e d i m e n s i o n : 45—55 pm. 
H o l o t y p e : Planche II, fig. 9, 10, prep. Blao-12; 18,4/115,0. 
D e r i v a t i o n o m i n i s : en hommage à M O N S . J . S I V A K pour sa contribution 
à la connaissance des pollens des Gymnospermes. 
D i a g n o s e d i f f é r e n t i e l l e : la taille plus petite et les ballonnets plus grands 
que le corps du grain distinguent bien cette espèce du P. vancampoae n. fsp. 
Appartenance botanique probable: Podocarpaceae. 
F G E N . : Cupressaciies B O L C H O V I T I N A 1956 . 
1. Cupressaciies cuspidalaeformis ( Z A K L . 1 9 5 7 ) W . K R . 1 9 7 1 , ? Taxaceae, 
Cupressaceae (Planche II, fig. 11—14). 
2 . Cupressaciies insulipapillalus ( T R E V I S A N 1967) W . K R . 1971, Juniperus tvpe 
(Planche II, fig. 15, 16). 
Note. — La ressemblance des pollens du Viet-Nam avec les espèces de forme 
décrites d'Europe ne signifie sûrement pas l'identité des taxons botaniques. 
F g e n . : Inaperluropolleniles (Pf. 1952 ex TH. et PF. 1953) emend. R. POT. 1958 
1. Inaperluropolleniles vielnamiensis n. fsp. (Planche II, fig. 17, 18). 
D i a g n o s e 
Pollens sphériques à surface lisse. L'épaisseur de l'exine est d'environ 0,5 pm; 
au microscope optique on ne peut pas distinguer de couches internes. 
P lus g r a n d e d i m e n s i o n : 35—50 pm. 
H o l o t y p e : Planche II, fig. 17, 18, prep. Blao-18; 18,3/114,6. 
D e r i v a t i o n o m i n i s : du Viet-Nam. 
Légende de la Planche II 
F i g . 1, 2 . Dacrydiumiles florinîi COOKSON e t PIKE 1953 , Dacrydium. p r e p . B l a o - 1 2 ; 6 . 3 / 1 0 9 . 5 . 
F i g . 3 , 4 . Dacrydiumiles florinii COOKSON e t PIKE 1953 , Dacrydium. p r e p . B l a o - 5 ; 1 0 . 6 / 1 1 9 9 
Fig. 5, 6. Pilyosporiles insignis (NAUM. ex BOLCH. 1953) W . KR. 1971, Abietaceae. p rep . Blao-3; 
1 5 . 6 / 1 1 0 . 8 . 
Fig. 7, 8. Podocarpidiies vancampoae n . f sp . , Podocarpaceae, Podocarpus nanhoensis type, prep. 
Blao-5 ; 13.7/107.5. 
Fig . 9, 10. Podocarpidiies sivakii n. f sp . , Podocarpaceae. prep. Blao-12; 18.4/115.0. 
Fig. IL, 12. Cupressaciies cuspidalaeformis (ZAKL. 1957) W . KR. 1971, ? Taxaceae, Cupressaceae 
prep. Blao-3; 11,2/118.4. 
Fig. 13, 14. Cupressaciies cuspidalaeformis (ZAKL. 1Ç57) W. KR. 1971, ' Taxaceae Cupressaceae 
p r e p . B l a o - 1 1 ; 9 . 3 / 1 1 5 . 3 . 
Fig. 15, 16. Cupressaciies insulipapillalus (TREVISAN 1967) W . KR. 1971. Juniperus type, prep. Blao-17; 
18.1/102.8. 
Fig. 17, 18. Inaperluropolleniles vielnamiensis n . fsp. , prep. Blao-18; 18.3/114.6. 
Fig. 19, 20. Guinelia terciaria n . fgen. et fsp. , Euphorbiaceae. Jatropha. prep. Blao-15; 16.6/109,3. 
Fig. 21, 22. Guinelia terciaria n . fgen. et fsp . , Euphorbiaceae. Jatropha, prep. Blao-16; 21.8/108.7. 
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D i a g n o s e d i f f é r e n t i e l l e : dimension plus petite par rapport au autres pollen 
types Laricoides fossiles. 
Appartenance botanique probable: Pseudotsuga ou Larix. 
F g e n . : Guinelia n. fgen. 
F g e n . type: Guinelia terciaria n. fsp. (Planche II, fig. 19—22). 
Note. — Il est à mentionner, que V A N DER H A M M E N (1954) a publié un type de 
pollen inaperturé avec sculpture gemmulée sous le nom Polleniies typisinrus. 
D i a g n o s e 
Formes inaperturées. La surface du paroi est couverte des éléments de l'orne-
mentation de forme sphérique de différents diamètres. La sculpture est essentiellement 
gemmée. 
Fgen. type: Planche II, fig. 19, 20, prep. Blao-15; 16,6/109,3. 
L o c u s t y p i c u s : Blao. 
S t r a t u m t y p i c u m : couches houillières tertiaires. 
D e r i v a t i o n o m i n i s : en hommage à M O N S . P H . G U I N E T . 
D i a g n o s e d i f f é r e n t i e l l e : des formes inaperturées à surface gemmulée sont 
décrites ici pour le premier fois. 
1. Guinelia terciaria n. fsp. (Planche II, fig. 19—22). 
D i a g n o s e 
Contour en général circulaire, mais secondairement irrégulier ou elliptique. 
Le diamètre des gemmae est de 2 à 4 pm environ. L'épaisseur de l'exine (sans les 
éléments d'ornementation) est de 0,5 pm. 
P lus g r a n d e d i m e n s i o n : 45—60 pm. 
Holotype, locus typicus, stratum typicum, voir chez le genre de forme. 
D e r i v a t i o n o m i n i s : de l'âge tertiaire des sédiments de la localité type. 
Appartenance botanique probable: Euphorbiaceae, Jatropha ( W A N G et a l , 
1 9 6 0 ; G U I N E T , 1 9 6 2 ; L Y N C H e t W E B S T E R , 1 9 7 5 ) . 
F g e n . : Graminidites C O O K S O N 1947. 
1. Graminidites blaoensis n. fsp. (Planche III, fig. 1, 2). 
D i a g n o s e 
Contour circulaire, ou secondairement elliptique. Surface scabre à ponctuée. 
L'épaisseur de l'exine est toujours inférieur à 1 pm, l'ectexine se compose de trois 
couches qui sont de même épaisseur. II y a un operculum; le diamètre du pore est 
de 1 à 1,5 pm, l'anulus est de 2 pm de large, mais très mince. 
P lus g r a n d e d i m e n s i o n : 20—25 pm. 
H o l o t y p e : Planche III, fig. 1, 2, prep. Blao-18; 20,1/113,8. 
D e r i v a t i o n o m i n i s : du Blao, localité type. 
D i a g n o s e d i f f é r e n t i e l l e : c'est l'anulus, mince, qui sépare nettement cette 
espèce de G. micropunctatus W. KR. 1970 et de G. gracilis W. KR. 1970. 
Appartenance botanique probable: Gramineae. 
2. Graminidites vancampoae n. fsp. (Planche III, fig. 3, 4). 
D i a g n o s e 
Contour circulaire, ou à cause de plis secondaires, de forme irrégulière. L'exine 
est très mince, de 0,3 à 0,5 pm. Surface ponctuée ou finement granuleuse. Le dia-
mètre des pores est de 3 à 4 pm, il y a un operculum. L'anulus est de 2 pm de large 
environ. 
P lus g r a n d e d i m e n s i o n : 40—50 pm. 
H o l o t y p e : Planche III, fig. 3, 4, prep. Blao-13; 8,8/105,8. 
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D e r i v a t i o n o m i n i s : en hommage à MME . M. V A N C A M P O . 
D i a g n o s e d i f f é r e n t i e l l e : l'exine plus mince sépare nettement cette espèce 
de G. pseudogramineus W. KR. 1970. 
F g e n . : Sublriporopollenites PF. et TH. 1953. 
1. Cf. Sublriporopollenites fsp. (Planche III, fig. 5, 6). 
F g e n . : Triatriopollenites PF. 1953a. 
1. Triatriopollenites blaoensis n. fsp. (Planche III, fig. 7, 8). 
D i a g n o s e 
Contour triangulaire, côtés convexes. Surface finement ponctuée. L'exine, de 
0,9 à 1,2 pm d'épaisseur, comprend trois couches d'égale épaisseur. L'épaisseur de 
l'anulus est 2 pm environ. L'atrium est granuleux. 
H o l o t y p e : Planche III, fig. 7, 8, prep. Blao-15; 12,2/102,5. 
D e r i v a t i o n o m i n i s : de Blao de la localité type. 
D i a g n o s e d i f f é r e n t i e l l e : l'exine mince distingue bien cette espèce du 
Momipites microcoryphaeus (R. Рот. 1931) N I C H O L S 1973. 
2. Triatriopollenites desertorum KDS. 1980, cf. Myricaceae v. Juglandaceae 
(Planche III, fig. 9, 10). 
Note. — Il est intéressant que cette espèce, décrite des couches néogènes d'Egyp-
te, soit présente dans les couches houillières de Viet-Nam. 
F g e n . : Compositoipollenites R. Рот. 1960. 
1. Compositoipollenitespotoniei n. fsp. (Planche III, fig. 11, 12). 
D i a g n o s e 
Contour triangulaire convexe ou quelquefois circulaire. Surface échinulée, 
scabré entre les épines. Le tectum est mince, la couche infratectale est columellaire. 
L'épaisseur du sole est égale à la hauteur des columelles. L'épaisseur de l'exine est 
de 0,7 à 1 pm environ. Les épines sont longues de 2—3 pm et élargies à leurs bases. 
Les pores sont subéquatoriaux, de 3 pm de diamètre. L'anulus est de 1—1,5 pm de 
large. 
P lus g r a n d e d i m e n s i o n : 28—34 pm. 
H o l o t y p e : Planche III, fig. 11, 12, prep. Blao-16; 6,4/113,6. 
D e r i v a t i o n o m i n i s : à la mémoire de M O N S . LE P R O F E S S E U R R. P O T O N I É , qui 
a fait connaître ces pollens. 
D i a g n o s e d i f f é r e n t i e l l e : la base des éléments sculpturaux forment une 
réticulation négative chez C. (al. Pollenites) rizophorus (R. Рот. 1934) R. Рот. 1960, 
ce qui distingue bien cette espèce de notre espèce de forme nouvelle. 
Appartenance botanique probable: Icacinaceae. 
2. Compositoipollenites vancampoae n. fsp. (Planche III, fig. 13, 14). 
D i a g n o s e 
Contour triangulaire, convexe ou circulaire. L'épaisseur de l'exine est de 1 à 
1,3 pm. Exine tectée perforée, à perforations très petites. Echinules de 2 à 3 pm de 
long s'élargissant à leurs bases. Structure baculée. Le diamètre des pores est de 3 pm 
environ. L'anulus mesure 3 ц т de large et 3 pm d'épaisseur. Les pores sont en général 
subéquatoriaux. 
P lus g r a n d e d i m e n s i o n : 40—48 pm. 
H o l o t y p e : Planche III, fig. 13, 14, prep. Blao-15; 11,7/104,6. 
D e r i v a t i o n o m i n i s : en hommage à M M E . M . V A N C A M P O . 
D i a g n o s e d i f f é r e n t i e l l e : la taille plus grande distingue bien cette espèce 
de celles mentionnées précédemment. 
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Appartenance botanique probable: Icacinaceae. 
3. Compositoipollenites magrtus n. fsp. (Planche III, fig. 15,16). 
D i a g n o s e 
Contour circulaire, secondairement plié et en forme d'ellipse. L'épaisseur de 
l'exine est de 1 à 1,3 pm environ. Tectum perforé, structure columellaire. La longueur 
des échinules est de 2 pm. Le diamètre des pores est de 3,5 pm environ, l'anulus mesure 
4 pm de large et 3 pm d'épaisseur. 
P lus g r a n d e d i m e n s i o n : 55—68 pm. 
H o l o t y p e : Planche III, fig. 15, 16, prep. Blao-14; 13,8/112,3. 
D e r i v a t i o n o m i n i s : d e la t a i l l e g r a n d e à l ' i n t é r i e u r d e ce g e n r e d e f o r m e . 
D i a g n o s e d i f f é r e n t i e l l e : c'est la grande taille et les échinules relativement 
petites, qui distinguent bien cette espèce des autres espèces de ce genre de forme. 
F g e n . : Malvacearumpollis E. N A G Y 1962. 
1. Malvacearumpollis nagyae n. fsp. (Planche III, fig. 17, 18). 
D i a g n o s e 
Contour circulaire. Le nombre des pores est de six en général. L'exine a 2 pm 
d'épaisseur elle est tectée perforée. Sur le tectum il y a des échinules est de grandes 
épines. La longueur des échinules n'atteint pas le 0,5 pm, les épines atteignent 3 pm. 
La couche infratectale est columellaire. La sole est la couche la plus épaisse parmi 
les couches de l'ectexine. Diamètre des pores de 4 à 5 pm, l'anulus est 3 pm large. 
P lus g r a n d e d i m e n s i o n : 50—60 pm. 
H o l o t y p e : Planche III, fig. 17, 18, prep. Blao-I5; 9,3/102,9. 
D e r i v a t i o n o m i n i s : en hommage à M M E . E . NAGY , qui a décrit ce genre 
de forme. 
D i a g n o s e d i f f é r e n t i e l l e : le nombre des pores de l'espèce M. esielae ( G E R . , 
HOPP . et MULL. 1 9 6 8 ) n. comb., syn.: Echiperiporiies esielae n. sp., in G E R . , H O P P . 
l ^gende de la Planche III 
Fig. 1, 2. Graminidites blaoensis n. fsp. , Gramineae, prep. Blao-18; 20.1/113.8. 
Fig. 3, 4. Graminidites vancampoae n. fsp., Gramineae, prep. Blao-13; 8.8/105.8. 
Fig. 5, 6. Cf. Subtriporopollenites fsp., prep. Blao-18; 11.6/106.8. 
Fig. 7, 8. Triatriopolleiites blaoensis n. fsp. , prep. Blao-15; 12,2/102.5. 
Fig. 9, 10. Triatriopollenites desertorum KDS. 1980, cf. Myricaceae. prep. Blao-9; 15.0/113.2. 
Fig. I I , 12. Compositoipollenites potoniei n. fsp., Icacinaceae, prep. Blao-16; 6.4/113.6. 
Fig. 13, 14. Compositoipollenites vancampoae n. fsp., Icacinaceae, prep. Blao-15; 11.7/104.6. 
Fig. 15, 16. Compositoipollenites magnus n. fsp. , prep. Blao-14; 13.8/112.3. 
Fig. 17, 18. Malvacearumpollis nagyae n. fsp. , Malvaceae, prep. Blao-15; 9.3/102.9. 
Fig. 19, 20. Persicarioipollis meuseli W. KR. 1962, Polygonum, prep. B lao - I l ; 11.3/116.3. 
Fig. 21, 22. Persicarioipollis meuseli W. KR. 1962. Polygonum, prep. Blao-17; 10.3/107.8. 
F i g . 2 3 , 2 4 . Myrtaceidites parvus COOKSON e t PIKE 1954 , Myrtaceae, Eugenia o u Syzyngium GAERTN. , 
prep. Blao-12; 8.7/107.6. 
Fig. 25, 26. Feugueuripollenites blaoensis n. fsp., Palmae, Didymosperma, prep. Blao-16; 21.9/105.7. 
Fig. 27, 28. Feugueuripollenites blaoensis n. fsp. , Palmae, Didymosperma, prep. Blao-1; 18.2/105.4. 
Fig. 29, 30. Feugueuripollenites blaoensis n. fsp., Palmae, Didymosperma. prep. Blao-18; 17.4/107.5. 
F i g . 3 1 , 32 . Cupuliferoidaepollenites liblarensis (THOMS. in POT., THOMS. e t THIFRG. 1 9 5 0 ) R . P o t . 
1960, Fagaceaev. Leguminosae. prep. Blao-2; 16.8/107.7. 
Fig. 33, 34. Scabratricolpites saurinii n. fsp., Oleaceae. Chionanthus ou Cornaceae, Helwigia. prep. 
Blao-13; 20,0/107.9. 
Fig. 35, 36. Scabratricolpites saurinii n. fsp. , Oleaceae. Chinanthus ou Cornaceae, Helwigia. prep. 
Blao-17; 12,7/112.3. 
Fig. 37, 38. Scabratricolpitesguinetii n. fsp. Fagaceae, cf. Quercus, prep. Blao-5; 16.6/114.4. 
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et MULL. 1968, est de 20 à 24, ce qui la distingue nettement de notre espèce de forme 
nouvelle. 
Appartenance botanique probable : Malvaceae. 
F g e n . : Persicarioipollis W. KR. 1962. 
1. Persicarioipollis meuseli W. KR. 1962, Polygonum, type Persicaria (Planche 
III , fig. 1 9 — 2 2 ) . 
F g e n . : Myrtaceidites COOKSON et PIKE 1 9 5 4 . 
1. Myrtaceidites parvus COOKSON et PIKE 1 9 5 4 , Myrtaceae, Eugenia ou Syzyn-
gium GAERTN . (Planche III, fig. 23,24). 
F g e n . : Feugueuripollenites KDS. 1968. 
1. Feugueuripollenites blaoensis n. fsp. (Planche III, fig. 25—30). 
D i a g n o s e 
Pollen fusiforme monosulqué, le sillon atteint les extrémités du grand axe du 
grain. L'épaisseur de l'exine est de 0,5 pm environ; les couches de l'ectexine ne sont 
pas observables au microscope optique. Surface échinulée lisse entre les épines; la 
longueur des épines est d'environ 1,5 pm. 
P lus g r a n d e d i m e n s i o n : 15—25 pm. 
H o l o t y p e : Planche III, fig. 25, 26, prep. Blao-16; 21,9/105,7. 
D e r i v a t i o n o m i n i s : de la localité type. 
D i a g n o s e d i f f é r e n t i e l l e : le F. eocaenicus (KDS. 1965) KDS. 1968 est plus 
grand et à épines plus longues; le F. microechinatus KDS. 1968 est plus petit, et à 
épines plus courtes. 
Appartenance botanique probable: Palmae, le genre Didymosperma est le plus 
probable, mais il est à noter que COUPER (1960) rapporté au genre Astelia (Lilia-
ceae) un grain de pollen de l'Oligocène moyen qui ressemble un peu à notre espèce. 
F g e n . : Cupuliferoidaepollenites R. POT. 1960 ex R. POT., THOMS. et THIERG. 
1 9 5 0 . 
1. Cupuliferoidaepollenites liblarensis (THOMS . in POT., THOMS . et THIERG . 1950) 
R. POT, 1960, Fagaceae v. Leguminosae (Planche III, fig. 31, 32). 
F g e n . : Scabratricolpites (VAN DER HAMMEN 1956) GONZÀLEZ—GUZMÀN 1967. 
1. Scabratricolpites saurinii n. fsp. (Planche III, fig. 33—36). 
D i a g n o s e 
Contour ellipsoidal. Surface finement scabre. L'épaisseur de l'exine est de 
1 à 1,5 pm, la couche infratectale est plus épaisse que le tectum et la sole. Structure 
intrabaculée. Les sillons en général atteignent les pôles et y fusionnent. 
P l u s g r a n d e di m e n s i o n : 16—22 pm. 
H o l o t y p e : Planche III, fig. 33, 34, prep. Blao-13; 20,0/107,9. 
D e r i v a t i o n o m i n i s : en hommage à Mons. le Professeur SAURIN. 
Diagnose différentielle: il y a une certain ressemblance avec S. tibialis GONZA-
LEZ GUZMÀN 1967, mais dans cette espèce l'ectexine est plus épaisse que l'endexine, 
et l'exine est épaisse dans la région équatoriale. 
Appartenance botanique probable: Oleaceae, Chionanthus (WANG et al. 1960), 
ou Comaceae, Helwingia (HUANG 1972). 
2. Scabratricolpites guinetii n. fsp. (Planche III, fig. 37, 38). 
D i a g n o s e 
Contour ellipsoidal, surface finement scabre ou ponctuée. L'épaisseur de l'exine 
est de 1,5 à 2 pm, les trois couches de l'ectexine sont grossièrement égales. Les sil-
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Ions n'atteignent pas toujours les pôles, en général l'un d'eux est plus court que les 
deux autres. Autour des sillons il y a des espaces vides de 1 pm de largeur environ. 
P lus g r a n d e d i m e n s i o n : 20—28 pm. 
H o l o t y p e : Planche III, fig. 37, 38, prep. Blao-5; 16,6/114,4. 
D e r i v a t i o n o m i n i s : en hommage à Mons. Ph. G U I N E T . 
Diagnose différentielle: la taille plus grande et l'exine plus épaisse distinguent 
nettement cette espèce de la précédente. 
Appartenance botanique probable : Fagaceae, cf. Quercus. 
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Abstract 
The effect of sublethal concentrations (5, and 10mg,'I,) of 2,4-D-containing Dikonir t on the 
liver cells of carp, was studied by electronmicroscopy during an exposure of 6 months. Two months 
af ter treatment light swelling of the mitochondria, and fragmentation and loss of crystae were ob-
served in the cytoplasm of the hepatocytes. A large number of inclusions containing electron dense 
bile pigment were detectable in ihe cytoplasm of the hepatocytes, and fine granular bile pigment 
appeared in the lumen of the bile canaliculi. The bile pigment being present simultaneously in the 
ductuli of the bile duct epithelial cells indicated that cholestasis was developing. The rough-surfaced 
endoplasmic reticulum tubuli displayed ring-formed fusion and paraprotein crystals were detected 
in certain dilated rEr cisternae. Later (after 3, 4, 5 months of exposure) inclusions similar to choles-
terin crystals appeared in the cytoplasm, besides the cell alterations mentioned above; still later 
(in the 6th month) an increase in rough-surfaced endoplasmic reticulum and an appearance of 
fingerprints referred to an alteration of the protein-synthesizing system. 
Key-words: Effect of 2.4-D on carp liver. 
Introduction 
The fish-ponds and natural waters of Hungary are loaded with communal and 
industrial sewages, chemical fertilizers, pesticides and detergents. The detection of 
the toxic agents and the diagnosis of the damaging effects caused by them on the 
aquatic organisms exposed to the increasing environmental pollution gain more and 
more emphasis. Many methods are at disposal for the demonstration of the damages 
developing in the aquatic organisms. Besides the classic toxicological studies, his-
topathological, biochemical and physiological methods are becoming all the more 
wide-spread. Thus, for example, the "normal" activity of various enzymes has been 
studied in the tissues, blood serum and plasma of certain fish species and their changes 
on environmental effects have been demonstrated ( S I E B E R T et al., 1 9 6 4 ; M C B E A N 
e t a l . , 1 9 6 6 ; P E Q U I N e t a l . , 1 9 7 0 ; G A U D E T e t a l . , 1 9 7 5 ; M A R Q U E Z , 1 9 7 6 ; S A U R E R a n d 
H A I D E R , 1977, 1979) . It has been unambiguously proved that even in the presence 
of low concentrations of toxic substances there is an increase in the activity of en-
zymes playing a role in the metabolism and the decomposition of toxic agents ( B U H L E R 
and B E N V I L L E , 1 9 6 9 ; L A N E and S C U R A , 1970 ; R A C I C O T et al., 1975) . Apart from the 
quantitative assays, not less significant are the histopathologic methods providing 
qualitative information, which supply important data to the localization and expan-
sion of the tissue damages. 
However, the light-microscopic histopathological alterations usually reflect the 
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"final result" of an irreversible vital process without giving adequate information 
in respect of the patho-mechanism. A further disadvantage of the light microscopic 
examination is the fact that it is only capable of detecting lethal (or perhaps sublethal) 
alterations caused by large doses; though, in the practice harmful effects of chemical 
substances being present in low concentration, but for long duration, (throughout 
months or years) are to be estimated. 
In the viewpoint of attaining this object, besides the biochemical assays, the 
modern morphological methods, first of all electron microscopy, are becoming more 
and more significant. Electron microscopy is able to show, among others, incipient 
damages of cell organelles in due a time, when with the help of the biochemical 
assays no pathological alterations are demonstrable, e.g. in the blood. The acute 
effect of 2,4-D Na-salt on the early developmental stages of the bleak (Alburnus 
alburnus) has been reported elsewhere (BÍRÓ, 1979). 
In the present study, we wished to determine the effect of sublethal doses of the 
2,4-D-containing herbicide Dikonirt on the ultrastructural organization of the hepa-
tocytes of carps exposed for 6 months. 
Materials and methods 
Second-summer carps with 12.5-19.5 cm trunk lengths weighting 60-200 g, were used. The fish 
originating f rom fish-ponds were habituated to aquarium for a period of 4 months, and on one or 
two occasions weekly they received malachite green treatment until their susceptibility to Ichthyoph-
thyrius infection ceased. Then the fish wire divided into groups of 10 and kept in 100-1-sized glass 
aquariums in Dikonirt solutions of final concentrations 5 or 10 mg/1 f rom February 14, 1980, till 
August 12, 1980 (2 parallel + 2 control groups). The water temperature was 15-17 °C. The fish were 
fed with living Tubifex and carp aliment. The water of the aquariums was strained with E H E I M 
filters filled with wad-strainer and the water was changed weekly. The water of the basins was ven-
tilated with condensed air. 
Five specimens were examined in each month. The animals were decapitated, their abdominal 
cavities opened, small slices were cut f rom various areas of the livers with a sharp safely razor, and 
the slices were immediately placed into ice-cold fixative. 2.5% glutaraldehyde was used for prefixation, 
and that was buffered to pH 7.3 with cacodylate buffer. Following 2 h of prefixation the samples 
were fixed in 2% OsO, solution for further 2 h. After dehydration in graded alcohol the samples were 
embedded in Spurr synthetic resin. The ultrathin sections were contrasted with lead and studied 
in the electronmicroscope. 
Results 
During the course of the 6 months' exposure no fish decay was observed either 
in the control group, or in those treated with Dikonirt. 
Untreated control: On the basis of the overall view of low magnification (Fig. 1) 
spherical or kidney-shaped cell nuclei, poor in chromatin, were seen in the majority 
of the hepatocytes. The electron dense nucleolus was striking in the light karyoplasm. 
The cytoplasm of the liver parenchyma cells was moderately electron dense, many 
mitochondria, large amounts of glycogen granules, here and there lipid droplets and 
lysosomes, were observed in it. The rough-surfaced endoplasmic reticulum (rEr) 
was found mainly in lamellar form in large quantities in the hepatocytes (Fig. 1). 
In Fig. 2, of higher magnification, it can be seen that highly electron dense associated 
chromatin surrounded the nucleoli. The Golgi apparatus of the liver parenchyma cells 
was well-developed, with many vesicles, numerous granules and a few lysosomes 
in its area. Due to the double fixation, the glycogen granules occurring in the form 
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Fig. 1. Overall view of the liver parenchyma cells of an untreated carp. The nucleus (N) of the hepato-
cytes is poor in chromatin, the nucleolus (Nu) is striking. Many mitochondria (m), abundant 
rEr, moderate amoun t of glycogen granules can be found in the cytoplasms. L = l i p i d , Be=bi l e 
canaliculus x 4400 
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of both monoparticles and rosettes appeared moderately electron dense (Fig. 2). 
The rEr tubuli were sometimes parallely arranged; they frequently formed shorter 
and small fragments and they were found all over the cytoplasm in an even distri-
bution (Fig. 2). Tightly attached microvilli were found situated in the cavity of the 
bile canaliculi. A few cytoplasmatic inclusions were also detected in hepatocytes. 
A characteristic association of fine fibrous structures and electron dense amorphous 
tissue bundles was detected in these (Fig. 2). 
Livers offish exposed to 2,4-D (Dikonirt): The first sampling was performed two 
months following treatment. Macroscopically no striking alteration was seen in the 
livers. Light microscopically neither necrosis nor inflammation could be detected 
in the liver tissue. Ultrastructural alterations referring to the effect of the agent could 
not be detected in the cell nuclei in the electron micrographs, in the cytoplasm, howe-
ver, ultrastructural signs referring to cell damage were observed in numerous cell 
organelles. Certain mitochondria, appeared to be light and swollen and crystae were 
fragmented or disappeared (Figs 3, 5, 6). In some areas mitochondria were encap-
sulated in autophage vacuoles (Fig. 3). 
The cytoplasmic inclusions described in the normal liver, significantly increased 
in the hepatocytes (Fig. 4). The inclusions varied from 1 to 3 pm in diameter. Mostly 
filamentous substances accumulated in the inclusions, however, highly electron dense 
details were also regularly found in smaller numbers. The accumulation of electron 
dense matter was frequently observed in the wide lumen of bile canaliculi. In semi-
thin sections this occurred in the form of a greenish-blue substance and corresponded 
to bile pigment, which indicated developing cholestasis (Fig. 7). Striking amounts of 
glycogen granules were found in certain hepatocytes, in which the amount of cell 
organelles decreased (Fig. 8). A frequent phenomenon was the ring-formed fusion of 
certain rEr tubuli as well as the presence of isolated cytoplasm detail and or a mito-
chondrion, in the lamella of the ring (Figs 3, 5, 6). Some rEr tubuli showed cisterna-
like dilatations and a material of crystalline structure accumulated in the cisternae 
(Figs'6, 7). The accumulation of large amounts of bile pigment was often detectable 
in the ductuli of the bile duct epithelial cells (Fig. 9). The fine-structural appearance 
of this was rather similar to those observed in the cytoplasmic inclusions (Fig. 9). 
The second sampling was performed on May 19, in the 3rd month of the treat-
ment. The mitochondrial damages observed at the time of the first studying were 
still detectable, and as a new change of giant, elongated mitochondria appeared. 
Electron dense cytoplasmic inclusions were invariably observed in many hepatocytes 
(Fig. 10). Some of the inclusions resembled cholesterin crystals. Hepatocytes abund-
ant, in cytoplasmic glycogen granules and poor in cell organelles were present in 
increased numbers (Fig. 8). The frequency of accumulation of bile pigment in the 
ductuli of the bile duct epithelial cells remained unchanged. The appearance of so-
called "dark" and light cells was a new phenomenon in this period. At the time of the 
3rd sampling (8 June) no new alterations were detectable, however, the amount of 
rEr considerably increased by the time of the last sampling (Fig. 11). Parallel with 
each other, long tubuli bundles were observable around the cell nucleus or at the 
peripheral part of the cytoplasm (Fig. 11). Fingerprints also appeared frequently 
(Fig. 12). The surface of the fingerprint membranes was generally found to be free 
of ribosomes (Fig. 12). The intermembranous cytoplasmic substance contained 
glycogen granules (Fig. 12). Occasionally, myelinization of fingerprint membranes 
could also be detected (Fig. 12). 
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Fig. 2. Untreated control. Parenchymal cell. Well-developed Golgi apparatus (G) beside the cell 
nucleus (N). The Golgi area is rich in vesicular (v) elements and prosecretory granules (pg). 
The glycogen granules (gl) are evenly distributed in the cytoplasm. At places the tubuli of the 
rEr are slightly dilated. The lumen of the bile canaliculus (Be) is abundant in microvilli (mv). 
1=inclus ion x 12 000 
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Fig. 3. Detail of a hepatocyte a f te r 2 months of exposure to 2,4-D. Certain mitochondria (ra,) are 
strongly swollen, others (M,) are closed in autophage vacuoles. The rEr is mainly present in 
vesicular fo rm. x 13 000 
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Fig. 4. Hepatocyte afler 2 months of exposure to 2,4-D. Many inclusions (I) in the cytoplasm. The 
inclusions are spherical, their inner substance is made up of fine fibrous material of varying the 
electron density. Note the strongly electron dense amorphous material in the inclusions beside 
the fibrous matter. x 8000 
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Fig. 5. Hepatocyie afler 2 months of exposure to 2,4-D. Swollen mitochondria (m) and autophage 
vacuoles (av) limited by single or double membrane. The rEr has become transformed vesi-
cularly. N = cell nucleus x 12 000 
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Fig. 6. Hepatocytes a f te r 2 months of exposure to 2,4-D. Accumulation of crystalline substances in 
certain Er cisternae (-*) . m=s \ \o l l en mitochondrium, N =cell nucleus x 20 000 
116 L BENEDECZKY, P. BlR<3 AND ZS. SCHAFF 
Fig. 7. Hepatocytes a f te r 2 months of exposure to 2,4-D. Accumulation of moderately electron 
dense material (bile pigment) in several bile canaliculi (Be). The Golgi apparatus (G) has col-
lapsed, no prosecretory granules can be found in its substance. rEr I = crystalline-like material 
in the Er cisternae x JO QOO 
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Fig. 8. Hepatocytes af ter 2 months of exposure to 2,4-D. Cell organelles have strikingly decreased 
in number in certain hepatocytes. The cytoplasm is mainly filled by glycogen (gl). N=ce l l 
nucleus, m = m i t o c h o n d r i o n x 12 000 
Fig. 9. Masses of inclusions (I t), similar to those seen in the hepatocytes, frequently occurred in the 
bile duct (D). I = inclusion in the hepatocyte; 2 months a f t e r2 ,4 -D treatment x 8000 
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Fig. 10. Hepatocyte af ter 3 months of exposure to 2,4-D. Inclusions containing Cholesterin crystals 
(ICh) in hepatocytes. The Golgi appara tus (G) has strikingly collapsed. The cytoplasm is rich 
in glycogen (gl). x 12 000 
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Fig. 11. Liver parenchyma cells af ter 6 months of exposure to 2,4-D. The cells are rather rich in rEr 
tubuli. 5 - 8 Er laminae (rEr) are frequently arranged as parallel bundles. x 4400 
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Fig. 12. Hepatocytes af ter 6 months of exposure to 2,4-D. The frequent appcarance of "fingerprints" 
(Fp) was common in the hepatocytes. Note the myelinization of membranes in both the finger-
prints ( —) and certain mitochondria (m). L = l i p i d droplet x 12 000 
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D i s c u s s i o n 
Salts and esters of 2,4-dichlorophenoxy acetic acid (2,4-D) have been utilized as 
herbicides in plant protection since long, and comprehensively (BORDÁS, 1967; 
BÍRÓ, 1 9 7 9 ; M C B R I D E e t a l . , 1 9 8 1 ) . 
In Hungary, a 2,4-D preparation named "Dikonirt" since the 'fifties it has been 
used regularly and in large amounts (BORDÁS, 1967) as selective herbicide. 
In 1965, catastrophic fish decay was observed Lake Balaton (BARON et al., 1967). 
According to PÓNYI and PFEIFER (1979), it was caused by the chlorinated hydrocarbons 
demonstrated in the water. Although the cause of the fish decay in the Lake is still 
debated, there is no doubt that we must reckon with the occurrence of various con-
taminating chemical agents in natural waters and fish-ponds of Hungary. These 
agents may influence the metabolism of the flora and fauna of the waters even in 
low concentrations (TARZWELL, 1965; ASHLEY, 1972). 
As to the occurrence of 2,4-D in Lake Balaton, PFEIFER et al. (1979) have shown 
that the agent is present from April to July generally in a concentration of 1—10 pg/1. 
At places even concentrations between 25 and 40 pg/1 2,4-D have been demonstrated 
in the Lake at places (PFEIFER et al. 1979). Since, due to occasional rain the con-
centration of 2,4-D may rise significantly in fish-ponds, the waters flowing into the 
Lake Balaton, and then in the Lake itself, it is important to estimate the effects of the 
sublethal doses of 2,4-D on the various aquatic organisms and the vital processes 
of the fish, in long-term experiments. It has been determined in regard to zooplankton 
that the amount of the most important filtering zooplankton of the Lake Balaton 
(Eudiapiomus gracilis) has considerably decreased compared to the 1930s (BANKÓS 
and PÓNYI , 1976; PÓNYI and PFEIFER 1979). PÓNYI and PFEIFER (1979) assume that 
the loading by 2,4-D-containing Dikonirt also has a role in the loss of the zooplank-
ton. The acute toxic effect of the 2,4-D derivatives on the early developmental pro-
cesses of fish has been reported by several authors (MOUNT and STEPHAN, 1967; 
KAMLER, 1972; BÍRÓ, 1979). Sublethal doses of 2,4-D (5—50 mg/1) induced signi-
ficant stress response in juvenile sockeye salmon (MCBRIDE et al., 1981). Histopatho-
logical alterations were observed by light microscopy in the branchiae, liver, and 
interrenal tissue of the kidney (MCBRIDE et al., 1981). Regarding the liver, MCBRIDE 
et al., (1981) determined that the tissue injury was focal, appearing in the form of 
vacuolar degeneration. Using second-summer carps, we failed to detect the alterations 
described by MCBRIDE et al., (1981) light microscopically; however, we were able to 
detect the presence of bile pigment proving the development of cholestasis, both in 
the cytoplasm of the liver cells and in bile ductuli. Cholestasis represents a severe 
disturbance of the bile secretory apparatus (DESMET, 1979), and this disturbance 
in liver function could be observed in the liver of the carps throughout the whole 
study period. Our electron microscopic studies support the diagnosis set up by light 
microscopy, since accumulation of electron dense bile pigment could be detected 
in both the hepatocytes and the lumen of the bile canaliculi. Accumulation of electron 
dense complex bile pigment was also observed by KENDREY (1980) in hepatocytes 
of a man working at a plant protection station. The development of paraprotein 
crystal-inclusions appearing in the rEr cisternae suggests that, apart from the damage 
of the bile-secretion, the transport of certain secretory proteins were also disturbed 
in the liver parenchyma cells of the fish exposed to 2,4-D. The development and per-
sistence of the large amounts of cytoplasmic inclusions found in the hepatocytes can 
THE EFFECT OF 2,4-D-CONTAINING HERBICIDE ( DIKONIRT) ON THE ULTRASTRUCTURE 123 
practically be explained by an inhibited transport. The fine fibrous substance in the 
secondary lysosomes was structurally similar to the material found in the residual 
bodies accumulated in the bile ducts. Presumably, the accumulation of bile pigment 
in the cytoplasm of the cells and bile ducts resulted from disturbed transport proces-
ses, similarly to the human diseases accompanied by cholestasis (DESMET, 1979; 
SCHAFF a n d LAPIS, 1 9 7 9 ) . 
Besides the accumulation of paraprotein crystals, further alterations occurred 
in the rEr. The vesicularization of the rEr tubuli, as well as their degranulation at 
places, also speaks in favour of the assumption that the exposure to 2,4-D consider-
ably affected the protein synthesizing system, too. Since the rEr tubuli often cease 
being longitudinally arranged under energy-deficient circumstances (SCHAFF and 
LAPIS, 1979), it may be assumed that 2,4-D exerts its effect on the protein-synthesiz-
ing rEr elements through the mitochondrial system (Z V I RG Z D S et al., 1 9 7 1 ; KAMLER 
et al., 1974). We emphasize that the rEr was damaged throughout the whole period 
of exposure, nevertheless, the damage was more striking in the early and middle 
periods: in the last period, on the other hand, a significant rEr increase took pla-
ce. The degenerative alterations were followed by a regenerative process, the 
cell-physiological background of which is unknown. The fact that "fingerprints" al-
so appeared besides the increase in Er supports the view that 2,4-D affects the 
ribosome-Er-membrane relationship, i. e., it makes ribosomes detach from the Er-
membrane, thus, affecting the process of protein synthesis ( B U T L E R , 1 9 7 9 ; D A V I D -
SON, 1 9 7 9 ) . 
A significant elevation of glutamate dehydrogenase activity was measured by 
BÍRÓ in the blood of 2,4-D treated fish (BÍRÓ, 1981, unpublished data). This increase 
in enzyme activity is consistent with the ultrastructural alterations referring to the 
mitochondrial damages (light swelling, disappearance of crystae, autophagy) de-
tected by us. 1 he enzyme may easily escape from the swollen, damaged mitochondria, 
and may become diffused in the blood in large quantities through the vascular pole 
of the hepatocytes. On the basis of the presence of damaged mitochondria, the 
consequence was drawn that the energy-supply of the cells was not satisfactory. 
In such a manner, the structural damage of the mitochondria may serve as an explan-
ation also for the interpretation of the inhibited transport processes (cholestasis) 
discussed above. 
In conclusion, exposure to 2,4-D for a period of 6 months produced ultrastruc-
tural cell damages in the hepatocytes suggestive of (i) a disturbance in the energy-
supply of the cells, (ii) an inhibition of transport processes (in) an alteration of the 
entire cell metabolism. There is no doubt that electronmicroscopic cytopathology 
can be applied successfully in the environment and nature conservancy research and 
in the elimination and prevention of the developed damages. 
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Abstract 
The ul trastructure of the neuromuscular junct ions in the gastrointestinal system of the mig-
ratory locust (Lociista migratoria migratorioides) and the snail (Helix pomatia) was studied com-
paratively. 
Large amoun t s o f synaptic and non-synaptic nerve terminals were found in the insect gut 
muscle. In the snail intestinal wall on the other hand , where the axolemma tightly fitted to the sar-
colemma, the nerve terminals did not f o rm neuromuscular synapses. 
In both species, high numbers of non-synaptic terminals were found in which neurosecretory 
granules of varying electron density were present. Au thors regard these terminals as peptidergic ones. 
In the au thors ' opinion, the dense-cored axon terminals occurring in lower numbers are ami-
nergic terminals. 
Neurons were not detected in the insect, gut however, neurons containing peptidergic as well 
as those containing aminergic granules were found in the snail gut. 
Key words: Neuromuscular junct ion in the gut of locust a n d snail 
Introduction 
Studies on the morphological characteristics, innervations and neuromuscular 
junctions of the muscular system of the gastrointestinal tract are mainly limited to 
the mammalian (rat, guinea-pig, rabbit, etc.), including human intestinal canal 
(GABELLA, 1 9 7 9 ; GORDON—WEEKS, 1 9 8 1 , 1 9 8 2 ; LLEWELLYN—SMITH e t a l . , 1 9 8 1 ; 
FAUSSONE—PELLEGRINI, 1983) . Only sporadic data have been reported for other 
vertebrates, e. g. SALIMOVA and FEHÉR ( 1 9 8 2 ) , using microspectrofluorimetric and 
electron-microscopic methods, studied the innervation of the alimentary tract in 
chondrostean fish. 
As to the neuromuscular junction of invertebrates, mostly Arthropods, among 
them a few insect species, viz. Periplanela americana, Locusla migratoria, Schistocerca 
gregaria, etc., have been studied. ANDERSON et al., ( 1 9 7 7 , 1978) described neuro-
muscular synapses in the outer layer of the three-layered striated gut muscle of Schisto-
cerca gregaria. BENEDECZKY and MILLER ( 1 9 8 3 ) carried out studies on the aminergic 
and peptidergic innervation of the hindgut of Periplanela americana and Locusla 
migratoria. ECKERT et al., ( 1 9 8 1 ) , applying an immunocytochemical method, de-
monstrated a peptidergic transmitter, the proctolin (BROWN, 1975), in the hindgut 
of the cockroach. 
There are few literary data concerning other invertebrate phyla in respect to the 
neuromuscular junction (TÁNCZOS and TÁNCZOS, 1 9 7 9 ; ÁBRAHÁM, 1983) . The Mol-
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lusca phylum, for example, is worthy of note, since the intestinal canal of the included 
species, similarly to the vertebrate intestinal canal, contains smooth muscle, the mus-
cular system of the alimentary canal of Arthropods, on the other hand, is striated as 
insect muscles in general. 
Since the gut muscle of diiferent structure serves the same physiological functions 
in both phyla, it seemed justified to compare the gut muscle of a representative of 
each phylum (Arthropoda and Mollusca), with particular reference to the ultrastruc-
ture of the neuromuscular junctions. 
Materials and methods 
Mature male and female individuals of Locusla migralioria migratorioides (Arthropoda: 
Insecta) and Helixpomatia (Mollusca: Gastropoda) were used. The migratory locusls were obtained 
f rom the breed of the Biological Research Institute of the Hungarian Academy of Sciences, Tihany. 
The snails were collected in humid meadows, near Szeged. The animals were dissected and 1 mm 3 
pieces cut f rom various parts of the alimentary tract were fixed in cold state in 2.5% glutaraldehyde 
(diluted with cacodylate buffer) for 2h at pH 7.3. Following this, the tissue blocks were washed 
in cacodylate buffer containing 7.5% sucrose. After washing, the material was postfixed in 2% 
osmium tetroxide, buffered with s-collidin (pH: 7.3)at + 4 ° C f o r 2h, then dehydrated in an ascending 
ethanol series. The tissue blocks were contrasted for lh in 75% ethanol with saturated uranyl acetate. 
The blocks were embedded in Spurr embedding matter, and sections were prepared. The sections 
were contrasted with lead citrate, and photographs were taken in a TESLA BS 500 electron mi-
croscope. 
Results 
Both the striated gut muscle of Locusla migratoria and the gut smooth muscle of 
Helix pomatia are rich in nerves (Figs 1, 2). The sarcoplasm on the gut muscle fibres 
of Locusla migratoria (Fig. 1) forms processes of regular arrangement. The interstitial 
space surrounding the muscle fibres contains large amounts of collagen fibres; 
tracheoblasts and smaller tracheoles occur at places. Nerve fibres and terminals are 
also situated there. The nerve fibres are surrounded by glial processes, the axon ter-
minals are often surrounded by the processes of the muscle fibres. The smooth muscle 
fibres are of varying courses in the gut muscle layer of Helix pomatia (Fig. 2). Omega-
profiles and vesicles referring to exocytosis are rather frequent at the rims of the mus-
cle fibres. The nerve bundles and nerve fibres run parallel with, or perpendicularly to 
the muscle fibres in the interstitial space, which is rich in collagen fibres. The mem-
branes of the terminals are in tight connection with the sarcolemma at places, and 
here too, the nerve fibres not associated with muscle fibres are covered by processes 
of glial cells. 
On the basis of the fine-structural characteristics of the granules and vesicles 
found in the nerve fibres and terminals, it can be stated that several kinds of fibre 
types and axon terminals play a role in the innervation of the muscles in both species. 
Synaptic (Figs 3—5) and non-synaptic (Figs 6—7) nerve terminals can be 
distinguished in Locusla migratoria. The axon terminals forming synapsis always 
contain clear vesicles around 50 nm in diameter. The majority of the vesicle populat-
ion of these terminals are formed by clear vesicles (Figs 3, 5); in other presynaptic 
elements, (Fig. 4), besides the clear vesicles, there are larger (diameters of 130 nm) 
granules of variable density (Fig. 4) in great numbers. Neuromuscular junction may 
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Fig. 1. Detail f rom the hindgut of Locusta migratoria. The striation of the muscle fibres (Z) and the 
protrusion (P) of the sarcoplasm can well be seen. Note the many collagen fibres (Co), various 
types of axons (A), and axon terminals (T) in the wide interstitium (I). T r= t racheo la 
x 10,000 
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Fig. 2. Longitudinal section f rom the smooth muscle layer of snail gut. Besides the nerve bundles (NB) 
running parallel with the smooth muscle fibres (Mf) , nerve fibres (N) running perpendicularly 
to the muscles are seen. Latter form tight morphological connection (arrow) with the muscle 
fibres at places. Co=co l l agen x 9 9 0 0 
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Fig. 3. The axon terminals (T) in the neighbourhood of striated muscle fibres (SF) of Locusia mig-
raioria hindgut mostly contain clear vesicles and develop neuromuscular synapsis (arrow) 
with muscle processes. I = interstitium x 16,000 
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-
Fig. 4. Synapsis (arrow) between the process (P) of a striated muscle (SF) of Locusta migraioria 
hindgut and a terminal (T) which contains, apart f rom the clear vesicles, a great number of 
large, moderately electron dense granules (g). I= in te r s t i t ium x 16,000 
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Fig. 5. High magnification of a neuromuscular junction in the gut musculature of Locusta migroioria. 
SF=st r ia ted muscle fibre; T = nervc terminal; C=accumulat ion of vesicles along the presyn-
aptic membrane-thickening. x 70,000 
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develop between a process of the muscle and the axon terminal (Figs 3, 4), or the axon 
terminal adjacent to the sarcolemma of the muscle fibre forms a synapsis (Fig. 5). 
The other, non-synaptic, group of the nerve fibres contains only few clear vesicles, 
if at all, the terminals are filled by large (150 nm), highly electron dense granules 
(F[gs 6, 7,). These also lie in the direct neighbourhood of the muscle fibres, often 
adjacent to the sarcolemma, however, synaptic relation cannot be observed in the 
case of this terminal type. 
Several kinds of nerve fibres can be found among the gut muscle fibres of Helix 
pomalia, too. Fibres and terminals containing large (200 nm in diameter), highly 
electron dense granules occur here, too (Fig. 2, 8). The electron dense gra-
nules are mostly of ellipsoidal shape, in contrast to the spheroid form of 
the granules in insects. The electron density of the granules is also more 
variable than in the non-synaptic terminals of Locusta migratoria: moderately and 
highly electron dense granules are regularly found within the same terminal (Figs 
2, 8). Two further types of nerve fibres occur in Helix pomalia, viz, those having 
so-called large (100 nm in diameter) dense-core vesicles (Fig. 8), and terminals 
containing moderately electron dense granules with large diameters (250 nm) and 
granular matrix (Figs 2, 9). The latter type occurs less frequently than the former. 
The latter two fibre types can be found, in the insect gut rarely. All three listed nerve 
fibre types may establish tight morphological contact with the muscle fibres (Figs 2, 
8, 9), however, membrane specialization characteristic of the neuromuscular synapsis 
and accumulation of clear vesicles were not observed at all in the snail gut. 
Not only nerve fibres, but even neurons were detected among the muscle fibres of 
Helix pomalia (Fig. 10). The perikaryon of the neurons is almost full of electron dense, 
variously shaped, mostly ovoid, granules. The cell nucleus is rich in chromatin, and 
besides the granules, the most characteristic organelles in the perikaryon are tubules 
of the rough-surfaced endoplasmic reticulum. Apart from the relatively small mito-
chondria, myeline figures and vacuoles occur in the cytoplasm of the neurons. 
Discussion 
During our comparative ultrastructural studies on the neuromuscular junctions 
of the Locusta migratiora and Helix pomalia guts, two basic differences were observed: 
First, in the snail gut we have not found neuromuscular junction referring to chemical 
impulse transmission in the classical sense. 
Second, the uni-, bi- and multipolar neurons being present in significant amounts 
in the snail gut were absent in the insect gut. 
It is difficult to give an unambiguous explanation for the two morphological 
differences. The fact that the gut wall of the snail is formed by smooth muscles is 
phylogenically a morphological and functional feature characteristic of vertebrates. 
The organization of the rich innervation observed by light microscopy in the snail gut 
muscle resembles the A U E R B A C H ' S plexus of vertebrates in many respects. In the 
A U E R B A C H ' S plexus, as well as in the snail gut muscle, the axon terminals do not 
form synaptic connection with the sarcolemma. In the insect gut muscle, on the other, 
hand, the many synaptic connections are noteworthy. These are not completely 
identical in shape with the skeletal muscle's neuromuscular motor end plates of 
vertebrates, but the pre- and postsynaptic thickening can well be identified here 
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Fig. 6. Neurosecretory nerve fibres (T,) among striated muscle fibres (SF) of Locusta migratoria gut. 
Note the synaptic terminals (T,) with clear vesicles. I = interstitium x 16,000 
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Fig. 7. Tight connection (arrow) between an axon terminal (T) filled with neurosecretory granules 
and a striated muscle process (SF) in the hindgut of Locusta migratoria. The membrane of the 
axon terminal is not surrounded by cytoplasmic process of glia cell, therefore, this is in direct 
contact with the interstitium (I). x 16,000 
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Fig. 8. Smooth muscle fibre (MO of snail gut being in tight morphological contact with nerve fibres 
containing dense-core vesicles (T,) and those containing neurosecretory granules (T t). G = glia 
cell process with granules. I = interstitium x 12,000 
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Fig. 9. Cross section of smooth muscle fibre (MO- In its neighbourhood, note the nerve fibre (T) 
containing moderately electron dense granules with granular matrix. I= in ters t i t ium 
x 18,000 
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Fig. 10. Detail of an intramural neuron f rom the gut of edible snail. The chromatin-rich nucleus (N) 
is surrounded by cytoplasm packed with neurosecretory granules (g), large amounts of rough-
surfaced endoplasmic reticulum (rEr) and mitochondria (M). The cell is covered by glial pro-
cess (G). My = myeline figure, V = v a c u o l e x 23,000 
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too, and even the accumulations of vesicles are detectable along the presynaptic 
m e m b r a n e t h i c k e n i n g (BENEDECZKY a n d M I L L E R , 1 9 8 3 ) . A l l t h e s e c h a r a c t e r i s t i c 
structural features refer to the fact that the functional characteristics of the striated 
muscular system of the insects gut differs in many respects (physiological behaviour, 
pharmacological sensitivity) from the common, classically-regarded physiological 
characteristics of smooth muscles. Surely, this is related to the characteristic habitude 
of insects, for example, the intensive mobility (see the long-range migration of 
Locusia migraioria), which has resulted in the development of a specific muscle 
system. 
Regarding the other main characteristic difference, the presence of neurons 
in the snail and their absence in the insect, it is known that the gut muscles of the in-
sects are supplied with central nerve fibres, viz. with nerves of the stomato-gastric 
nervous system in the area of the fore- and midgut, and with nerves coming from the 
ventral ganglions in the area of the hindgut ( A N D E R S O N and C O C H R A N E , 1 9 7 8 ) . 
Neurons in the muscle layer of insect gut have only been reported by REINECKE et al., 
(1978), who found multinuclear, peripherally located neurosecretory neurons in the 
hindgut of Manduca sexta larvae. Comparing these cells with those described by us in 
Helix pomalia, we found essential differences: the neurosecretory cells in the insect 
gut are multinuclear with nuclei poor in chromatin, and the plasma is less abundant 
in neurosecretory granules than the neurosecretory cells of the snail. Investigations 
with physiological methods should elucidate the function of the neurons in the gut 
of insects and snail. On the basis of the heterogeneous ultrastructural picture of the 
neuromuscular junctions observed in the gut muscle of Locusia migraioria and 
Helix pomalia, it is presumable that various chemical substances may play a role as 
transmitter in the innervation of both striated and smooth muscles. 
Several authors have attempted to elucidate the transmitters belonging to the 
various types of vesicles and granules in the A U E R B A C H ' S plexus of mammals (Ko-
MURO et al., 1 9 8 2 , G O R D O N — W E E K S , 1 9 8 1 , 1 9 8 2 ) . The classification given in the survey 
of GABELLA ( 1 9 7 9 ) , suggesting that the synaptic, fibres containing clear vesicles are 
cholinergic, whereas those containing dense-core vesicles are aminergic has been 
queried by many others. G O R D O N — W E E K S ( 1 9 8 2 ) , e. g. demonstrated in experiments 
applying false transmitter (5-OHDA, 6 -OHDA and 5,6-DHT) treatment that not 
every fibre containing dense-core vesicles can be regarded as noradrenergic, further-
more, that the apparent size and shape and the intactness of the vesicles greatly 
depend on the fixative. Therefore, the chemical nature of the transmitters cannot be 
judged merely on the basis of the morphological picture. It is also questionable to 
what extent the results of experiments carried out on mammals can be applied to 
invertebrates. 
There is no doubt that the fibres containing large, highly electron dense granules 
— as we have demonstrated in the case of Helix pomalia — are the axons of one of 
the neurosecretory cells. The literature abounds in data suggesting that the large 
neurosecretory granules contain a neurosecretion of peptide-nature (RAABE, 1982). 
It is also supported by literary data that the neurosecretory granules leave the termi-
nals through exocytosis (BENEDECZKY and MILLER, 1983) and exert their effect on 
the functioning of the muscule fibres. In the case of Locusia migraioria, it is also very 
likely that one of these neurohormones is identical with proctolin, a pentapeptide 
which was isolated from insect gut by B R O W N and the occurrence of which in the 
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hindgut of the cockroach was demonstrated by E C K E R T et al., ( 1 9 8 1 ) , using an im-
munocytochemical method. 
The exact chemical structure of the transmitter substances of the snail neuro-
secretory fibres is still to be elucidated. Our assumptions, according to which the nerve 
terminals containing large dense-core vesicles may be aminergic, seem to be supported 
by biochemical data and our current histochemical studies ( N E M C S Ô K et al., F E K E T E , 
personal communication). 
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Abstract 
Macroscopic and microscopic observat ions concerning the a l imentary canal of larvae of two 
Zygoptera (Odonata) species arc repor ted . The histological layers of the t r i cho tomous intestinal 
canal are muscle, epi thel ium and int ima. The layers vary in thickness in the different sections of the 
intestine. The indenta t ion observed in the gizzard as well as the regenerative a n d absorpt ive epithelial 
cell types of the midgut a re noteworthy. 
Key-words: Morpho logy of the gut in Zygoptera larvae. 
Introduction 
The majority of the studies on the anatomical, light- and electron microscopic 
structure of the intestinal canal of insects have dealt with species of health or agri-
cultural importance. The epithelium of the midgut, its morphological and fine struc-
tural characteristics have been studied by BROWN (1980) in the tse-tse fly, by HECKER 
et al., (1971) in the malaria mosquito, by CIOFFI (1979) in Manduca sexta — an insect 
damaging tobacco — and by Yu (1981) in the cabbage butterfly. Only few data are 
available on Odonata species, more exactly their larvae. ANDRIES (1970) has reported 
on the intestinal activity and regeneration of the Anisoptera Aeschna cyanea during 
the digestive cycle and MOENS (1980) on the hindgut of larvea of a few Anisoptera 
species. 
In the course of examinations regarding the respiration and osmoregulation of 
dragonfly larvae it became justified to obtain exact knowledge of the distinct parts 
and structure of their digestive mechanism since the mentioned functions are in 
relationship with certain sections of the digestive system (BODINE, 1 9 1 8 ; CAROLL, 
1 9 1 8 ; CIOFFI, 1 9 7 9 ; KOCIAM, 1 9 3 0 ; KOMNICK, 1 9 7 7 ; LEE, 1 9 2 9 ; MOENS, 1 9 8 0 ; T I L -
LYARD, 1 9 1 7 ) . As our previous studies were carried out on Zygoptera species we chose 
Ischnura elegáns VANDERL. and Lestes viridis VANDERL. for these investigations too. 
Material and methods 
Specimens in the last larval stage, approximate ly equal t o size, 21-22 m m in length including 
the caudal branchiae were examined. T h e larvae were collected f r o m small deadwaters near Szeged 
in May, 1981. F o r light microscopic histology the mater ia l was fixed in Bouin ' s and C a m o y ' s fixative 
and in 10% neutral formal in then embedded in paraff in. 5 - 7 / /m sections were stained with haemate in-
eosine o r according t o Mallory. 
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For electron microscopy the material was fixed in Karnovsky ' s fixative fo r 4 h a t -f 4 C then 
treated at room tempera ture with 2% osmium tetroxide ( p H : 7,2) dissolved in Millonig's buf fe r . 
Af te r dehydrat ion in a n ascending alcohol series the material was cont ras ted overnight with uranyl 
acetate dissolved in 70% e thano l and it was embedded in D u r c u p a n A C M synthetic resin. T h e u l t ra -
thin sections were prepared with Reichert u l t ramicro tome a n d recontras ted with lead ci t rate . T h e 
sections were examined and pho tographs were taken in a J E O L 100B electron microscope. 
Of the numerical data referr ing to the lenght of the certain parts of the intestine each represents 
the average of the results measured o n 10 larvae being of the same degree of matur i ty . 
Results and discussion 
The alimentary canal of the studied Zygoplera larvae is a straight tube extending 
from the pharynx in the head till the anus in the last abdominal segment; it doesn't 
penetrate the caudal gills. All parts of the intestine characteristic of the Arthropods 
in general are to be found in dragonfly larvae ( A R A , 1 9 7 6 ; BEHURA et al., 1 9 7 4 ; 
M A C G O W N e t a l . , 1 9 8 1 ; MAKHDOOMI, 1 9 7 7 ; QUARTEY e t a l . 1 9 7 3 ) . 
The stomodeum is the intestinal section reaching from the head to the 2nd or 
3rd abdominal segment. It is gradually dilating backwards and suddenly narrowing 
by its end. It consists of the pharynx, the oesophagus, the ingluvies and the gizzard 
to — 
stomodeum mesenteron proctodeum 
Table 1. Tr ipar t i t ion of the a l imentary canal of the Zygoplera larvae. 
Table 2.: 
Plate 1. Longi tudinal section of Lesles ciridis foregut with longitudinal plication. ph = p h a r y n x ; 
oe = oesophagus ; M s = e n t r y of gizzard; m = muscle ; e p = e p i t h e l i u m ; i = i n t i m a 1 = lumen. 
Haematein-eosin stain, x 150 
Plate 2. Longitudinal section of Ischunra elegáns grinding s t omach (gizzard). T h e entry of the s t omach 
can be seen in the u p p e r par t of the picture and below the valves terminat ing t owards the 
midgut (b). On the insert the a r row shows the grinding indentat ion, m = muscle; e p = e p i t h e l i u m ; 
i = in t ima; I = lumen. Haematein-eosin stain, x 150 ( insert : x 200) 
Plate 3. Longitudinal section of the midgut wall of Lesles ciridis with da rk and light cells. m = muscle ; 
e p = e p i t h e l i u m ; i = in t ima ; I = lumen; Haematein-eosin stain, x 200. 
Plate 4. In the cross-section picture of the Ischnura elegáns h indgut the epi thel ium (ep) f o r m s 6 longi-
tudinal plicae. m = muscle ; i = i n t i m a ; Mt = Malpighian tubules. Haematein-eosin s tain, x 200. 
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Table 2. 
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(Table 1). This applies both species studied by us and the corresponding parts of the 
intestine appear identical in shape and size. The pharynx, about 2 mm long, is a 
strongly dilating tube situated in its whole length in the head. From there it suddenly 
widens to the double or triple and continues in a section of spindle form (length, 
3,5—4 mm) along the thorax. Even when filled with aliment a longitudinal plication is 
detectable (Table 2, Plate 1.). which is more striking in Ischnura elegans than in 
Lesies viridis. The aliment is stored for a considerable period near the end of this 
intestinal section since, it cannot reach the following section but at determined inter-
vals. Due to this role of storage this part of the oesophagus is called ingluvies (TIL-
LYARD, 1 9 1 7 ; W H E D O N , 1 9 1 8 ) . 
The thickest and strongest part of the foregut the gizzard is in the abdomen 
(Table 2. Plate 2.) Its size and location somewhat differs in the two species and in 
Ischnura elegans there are differences between the sexes. In the female individuals of 
I schnura elegans the gizzard being 0,5—0,8 mm long ends in the 2nd abdominal 
segment, while in the male individuals it is larger ending in the 3rd abdominal segment. 
There are no sex differences regarding Lesies viridis. Similar data have been reported 
by others: for example in Calopteryx species the location of the gizzard differs in the 
two sexes however in Lesies unguiculalus the gizzard is of the same size and location 
in male and female individuals (TILLYARD, 1917; WHEDON, 1918). Valves and strong 
plication can be seen at both the inlet and the outlet of the gizzard, particularly well 
in histological sections (Table 2. Plate 2.). 
The mesenteron or midgut is to be found in the abdominal segments 3—6, or 
4—6, being a 3—3,5 mm long section uniform in structure. The Malpighian tubes can 
be observed at its end parts (Table 1). 
The anatomical relations of the hindgut are the most controversial. T I L L Y A R D 
(1917) described the hindgut of various Zygoptera larvae as being uniform in struc-
t u r e w h i l e o t h e r s (BODINE, 1 9 1 8 ; CAROLL, 1 9 1 8 ; CULLEN, 1 9 1 8 ; K O C I A M , 1 9 3 0 ; 
K O M N I C K , 1 9 7 7 ; LEE, 1 9 2 9 ) found different sections in it. It the larvae studied by us 
the hindgut could be divided into two parts: the frontal ileum being tubular in shape 
(3 mm), and the vestibule (0,5 mm) ending with the anus. 
Histologically the alimentary canal can be divided into 3 layers, such as the outer 
muscular layer followed by the epithelial layer on the basal lamina and then the 
innermost intima which is the product of the epithelial cells (Table 2. Plates 1—4.). 
These layers are found along the whole intestine however they may become modi-
fied according to the functions of certain intestinal sections. The greatest variation 
is shown by the epithelial layer which is built up of cell indviduals along the alimen-
tary canal. In the foregut the cells are flat in the area of the pharynx., oesophagus 
and ingluvies with a homogenous intima (cuticula), a layer ensuring the protection 
of epithelial cells (Table 2. Plate 1.) On the base of the cells a structureless thin basal 
lamina and a similarly thin muscular layer can be distinguished. The separation of the 
oesophagus and ingluvies seems groundless on the basis of the histological sections. 
Their structure is alike and they have the same function: storage of nutriments. 
The gizzard differs in structure from the other foregut sections (Table 2. Plate 2). 
The epithelial layer is made up cuboid epithelial cells and the intima covering the 
surface differs in the two species. In Ischnura elegans there is an indentation in the 
centre of the gizzard arranged in lo layers. In Lesies viridis such an indentation was 
not detected. These teeth — together with the rather thick muscle layer — pre-
sumably assist the mincing of the aliment. 
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Table 3. Absortive epithelial cells of the midgut of Ischnura elegans. Apical section with microvilli 
(Mv). E r=endop lasmic reticulum; M = mitochondria; Mi = myeline figure; db = dense body; 
G r = granule. The arrow indicates a mitochondrion of peculiar shape, x 7700. 
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Valves and extremely developed plicae are to be found at the inlet and outlet 
of the stomach. The plicae are formed by the oesophagus at the fore-part of the 
stomach and by the gizzard itself at the end part. The right and the left valve plicae 
are identical in appearance therefore these seem to regulate the proceeding of a 
determined amount of aliment, less probably the direction of progress (KAUSHIK, 
1969). 
The epithelial cells of the midgut vary in staining with haematein-eosin (Table 2. 
Plate 3.). Some of the cells stain densely and are elongated, cylindrical, the others 
show paler staining and are flatter. Latter form small groups among the dense cells. 
The pale so-called regenerative cells are small having large nuclei. They occur in parti-
cularly large numbers in the caudal section of the midgut, similarly as in that of the 
Anisoplera larvae (ANDRIES, 1970). Electron microscopically, the cylindrical epithelial 
cells of the midgut show the characteristic appearance of absorptive cells (1 able 3). 
There are many elongated microvilli on their apical surface with dense bodies close 
to their stem. Mitochondria, rough-surfaced endoplasmic reticulum and lipid gra-
nules are seen in the cell plasma. The mitochondria are occasionally vacuolized or are 
of characteristic form resembling telephone receiver (Table 3. arrow). Multivesicular 
bodies (Table 4. Plate 1.), large (diameters of 100-150 nm without coat, and the 
double with coat) coated vesicles having particular structure (Table 4. Plate 2). 
furthermore rather high amounts of various-sized lipid droplets (Table 4. Plate 3.) 
can be found in the central region of the epithelial cells. Nearing the basal lamina 
we are aware of light-microscopically distinguishable regenerative cells among the 
absorptive ones. The regenerative cells have large nuclei rich in chromatin and 
narrow perinuclear cytoplasmic rim (Table 5). 
The fundamental histological layers are also present in the hindgut: the outer 
muscular layer then the cylindrical epithelial layer on the basal lamina with rather 
thick cuticle on their surface facing to the lumen. T hese layers can well be distinguished 
in both the haematein-eosin stained sections (Table 2. Plate 4) and the electron 
micrographs (Table 6). At high magnification basal invaginations are seen on the 
basis of the cells. Rather contradictory data have been reported regarding the function 
of the hindgut: according to BODINE ( 1 9 1 8 ) and CAROLL ( 1 9 1 8 ) the rectum serves 
the function of respiration — tough it doesn't form respiratory chamber in these 
larvae and it functions in similar manner as the tracheal gills. This assumption is 
doubted by several authors since it is not supported by epithelial cells supplied with 
tracheas (KROGH, 1941); on the other hand no relationship can be demonstrated 
between the frequency of the ileal contractions and the oxygen content of the sur-
rounding water (PENNAK et al„ 1 9 4 4 ) . CIOFFI ( 1 9 7 9 ) and KOMNICK ( 1 9 7 7 ) suggest that 
considering the lack of ion-absorption areas on the body surface of Odonata larvae, 
osmoregulatory functions are served by this area of the hindgut in Zygopiera larvae. 
These authors designated the high cylindrical epithelial cells of the ileum as chloride 
epithelia and they have proved their assumptions experimentally. On the basis of 
the obtained morphological picture we accept this latter up-to-date viewpoint. 
Table 4.: 
Plate 1. Multivesicular body (Mb) in the absorptive epithelial cell of Ischnura midgut . G r = lipid 
granule, x 34,100. 
Plate 2. Coated vesicle (Cv) in the absorpt ive epithelial cell of Ischnura midgut . M = Mi tochondr ion , 
x 47,500 
Plate 3. Medial area of the epiihelium cells of the Ischunra midgut rich in lipid granules (Gr) . Er = en-
doplasmic reticulum, x 16,400. 
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Table 5. Regenerative cells among absorptive epithelial cells on the basal lamina (Bl). N = nucleus; 
Bi = basal invaginations, x 9,700. 
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Table 6. Detail f rom the hindgut of Ischnura elegans. The thick cuticle (Cu) is of lamellar structure 
above the cylindrical epithelial cells. N = n u c l e u s ; Bi = basal invagination; trb = tracheoblast; 
Vm=viscera l muscle, x 4,000. 
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CHARACTERISTICS OF THE POPULATION OF AN ISOPODA 
SPECIES ( T R A C H E L I P U S NODULOSUS C. L. KOCH) 
AT SANDY SOIL GRASSLAND 
ERZSÉBET H O R N U N G 
Attila József University, Department of Zoology, Szeged 
(Received Oc tobe r 25, 1983) 
Abstract 
D u r i n g the course of studies pe r fo rmed between 1979-1982 on the popula t ion of a Trachelipus 
nodulosus C. L. KOCH (Isopoda) species living a t sandy soil grassland, it had been determined tha t 
the dispersion of the species shows c lumping dispersion type a t the area. Its habi ta t is only limited 
to more humid , deeper sites developed by wind. Investigations on the dynamics of the popula t ion 
revealed tha t the fac tors of microclimate being effective through the local microcl imate relat ions do 
not only de termine the distribution of the popula t ion , but also have influence on its volume, seasonal 
changes, as well as the activity of the species. 
Key-words: Isopoda, sandy soil grass land, dispersion, popula t ion dynamics, reproduct ive 
per iod, fecundity 
Introduction 
The humidity of the air is commonly known to be a key factor in the respect 
to the existence of the Isopoda. Therefore, it is of particular interest to study their 
occurrence under extremely dry conditions. A possibility for this was given at the 
region of the Kiskunság National Park, within the research activities of the ecological 
group of the Department of Zoology, Attila József University. The studies have been 
being carried out since 1976, at a model area of 2 ha withdrawn from grazing (MÓ-
CZÁR et al., 1 9 8 0 ) . The long-lasting continuous study makes possible among others 
the revelation of the population characteristics of various animal species. There are 
no antecedants of such nature in Hungary regarding investigations on Isopoda. 
Similar studies were carried out in America (PARIS and PITELKA, 1962 , SORENSEN 
and BURKETT, 1 9 7 7 ) at grass-plots concerning the Armadillidium vulgare species, 
and in Japan (SAITO, 1965) at forests on the Ligidium japonicum. 
The single Isopoda species, the Trachelipus nodulosus, living at the studied area 
plays role in the decomposing chain, the productivity parameters of which had been 
investigated earlier, under laboratory conditions (HORNUNG, 1979, 1981a, b). The 
species itself is xerophyll, and occurs at open, more sunny areas. 
The studied area 
The pedological characteristics, mac ro - and microclimatic relations, main plant- and a n i m a l -
communit ies , their product ion, etc. of the studied area located a t the Bugac district of the K i s k u n s á g 
Nat ional Park a re known f r o m the works of BODROGKÖZY and FARKAS, (1981), KÖRMÖCZI e t a l . , 
(1981), MÓCZÁR et al., (1980). The extreme relat ions of sandy plains a re character is t ic of the micro-
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climate: semiarid climate, drought-hazardous summer, insufficient precipitation supply in summer , 
great daily and annual fluctation in temperature, dry sandy soil. All these would exclude the existence 
of the Isopoda. The geographic structure of the area is the cause for the fact that under the men-
tioned circumstances they nevertheless turn up and their population is capable of maintenance. 
The surface of the region is distributed by wind-furrows, with grade differences of 1 - 2 m as the 
consequence of which the area forms a mosaic complex: varying plant associations and microcl imate 
relations develop, also affecting the quatily and quantity distribution of the animals living there. 
F rom the viewpoint of the Isopoda, the wind-furrows have distinct significance since these 
animals requiring high humidity find their vital conditions here. The characteristic plant communi ty 
of the wind-furrows is the Molimo-Salicetum rosmarinifoliae. Here, the plant covering is great 
(85-100%), the plants are high (50-60 cm), and this is the area where the underground water content 
reaches the maximum. The humidity decreases at later time-point in the mornings and increases 
earlier at sunset than at the neighbouring areas of higher level. The temperature also remains lower 
here by 3 -4 °C (KORMOCZI et al., 1981). 
Methods 
The Isopoda were collected with Barber type ethylene-glycol pit fall traps, of which two variants 
were appl ied: 
For the collection of the epigeous, surface-mobile animals the traps were placed in groups 
of 5, at the points of a 50 X 50 cm sized square and at the intersection of its diagonals, resp. The 
averages of the data regarding these t rap groups were applied as samples. 12 such t rap groups were 
placed at the area. 
The other type was the variant of the Barber t rap placed in the soil, above which a glass-plate 
was layed and the replaced piece of grass, resp. This type enables the collection of the mobile animals 
having their living place in the root zone, in the upper 10-20 cm of the soil. The largest a m o u n t o f 
Isopoda could be collected here, as these pits serve as excellent shelter for the hygrophylic animals . 
The traps were emptied bi-weekly or monthly and the caught animals were kept in 70% e thanol , 
making possible their fur ther laboratory processing. Their body lengths were then measured under 
microscope, the sex determined, and the eggs, embryos found in the brood pouch of the pregnant 
females; and /or the juvenile individuals were counted. 
Results and their evaluation 
The material of the above described two kinds of traps made possible two 
different modes of approaching the Isopod population at the studies area. As men-
tioned in the foregoings, the trap groups of 5 concern every habitat type of the area, 
thus on the basis of the obtained material conclusions could be drawn regarding 
the dispersion ot the Isopoda at the whole of the area. On the other hand, being 
familiar with the characteristic feature of the Isopoda, according to which they move 
little under optimal environmental conditions (WHITE, 1 9 6 8 ) — that is, their activity 
of movement increases with the temperature rise of the environment, at the time 
of decrease in relative humidity (RH); i. e. when the circumstances become drier — 
the data of these traps reflect the activity of these animals and its seasonal changes. 
It could also be determined on the basis of the data obtained from the traps that the 
Isopoda aggreagate at the wind-furrows, where the unfavorable physical conditions 
of necessity (mainly the lack of water) are compensated by the somewhat more humid 
microclimate. Therefore, the species shows clumping dispersion at the area ( H O R N U N G , 
1979) . 
The graphs of Figure 1/a demonstrate the data of the trap groups of 5 in the 
years 1979-1982. ( ^ N = total individual number of samples). It can be seen from 
these that the course of the curves for the certain years is close to similar. The maxi-
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mal values are reached in the 7th-8th months. The almost similar course of the 
curves, as well as the concurrence of the peaks would allow to draw the conclusion 
that the autoregulating factors within the Isopoda population compel the main-
tenance of the population volume at a constant level — within certain limits. In the 
present case this is not so; the autoregulation is only apparent. If being periodically 
recurrent, external factors may also cause periodically repetitive activity peaks. 
Here the population's volume and annual dynamism, their periodicity are also 
determined by external environmental — firstly climatic — factors. 
100 
1980 1981 1982 
Fig. l .a . Changes in the total individual number ( I N ) of the Trachelipus nodulosus species for the 
years 1979-1982. 
Fig. l .b . Changes in the values of the species' sexual rate (s) and fecundity ( f ) in 1980-1982. 
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It can be observed from the Figure that the data of the year 1980 are essentially 
higher than those of the rest. The explanation to this is presumably found in the 
fact that the above mentioned year was relatively more rainy (3-4 folds that of the 
previous year). Through the Rh positive changes in the soil moisture and vegetation 
this higher amount of precipitation also showed favourable influence on the populat-
ion dynamics of the Isopoda. In such cases there is an increase in the number 
of those habitats, and size of their patches, resp., where the Isopoda find their condit-
ions for living; their mortality presumably becomes lower, and their reproduction 
shows more favourable tendency, resp. 
Figure 1/b demonstrates the changes in the sexual rate and fecundity of the 
studied population regarding the years 1980-1982. It can be seen that while the 
sexual rate (s) is close to constant not only within a year, but even between the cer-
tain years, the fecundity (f) — i. e. the ratio of the pregnant females — shows a 
rather divergent development. The fecundity of the previously emphasized more 
rainy year of 1980 is the highest. The value of the sexual rate is around 0.75, which 
means that about 75% of the collected individuals are females, differing from the 
values reported on other populations of the Armadillidium vulgare by PARIS and 
PITELKA ( 1 9 6 2 ) , and of the Trachelipus nodulosus by H O R N U N G ( 1 9 7 9 ) . 
Considering the values of fecundity, it is also proved that the number of offspring 
increases on the effect of more favourable climatic factors. The number of offspring 
may even increase with the larger amount of eggs per females, which in the case of 
the studied population reached the value of 14-40 eggs/females. The eggs/number 
of offspring per females show linear increase with the growth of the size of the 
females (HORNUNG, 1979). Author found even essentially higher values in the case 
of another population of the same species, living under less extreme circumstances: 
32-75 eggs/females (HORNUNG, 1979). 
The annual dynamism of the population can be followed on the basis of the 
data regarding the other applied trap type. Studying the year 1980, the population 
curve previously discussed (Fig. 1/a) can further be improved on the basis of the 
bi-weekly collections. Figure 2 demonstrates two maximums for the curve, the 
explanation to which is as follows: the studied T. nodulosus species has its repro-
duction period from the middle of May to the beginning of September, and under 
our climatic relations it takes place in two larger periods; one having its peak in 
May-June, the other in July-August. Since the Isopoda females carry their eggs, 
later their larvae in their marsupium till complete development (cc. 1 month), the 
first juvenile individuals appear at the end of June, and the last at the beginning of 
September. PARIS and PITELKA (1962), as well as SORENSON and BURKETT (1977) 
also experienced bimodal reproduction frequency when studying Isopoda populat-
ions from California and Texas, resp. 
The number of pregnant females is observable at the bottom part of Figure 2. 
It can be seen that the two reproduction periods can be separated from each other 
quite sharply. On the upper curve this is followed withjibout 1-1 month shifts by 
the maximums of the population's individual number (N), which is in relationship 
with the appearance of the juvenile indviduals. 
Studying the body measurements of the females it can also be determined that the 
2-3 years old individuals take part in the first reproduction period (with body lengths 
of 11.7-12, 1 mm) and the 1-2 years old ones in the second period (9.8-11,6 mm). 
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Fig. 2. Dynamics of the population and quota of pregnant females (below) on the basis of the Barber 
traps placed in the soil. 
There are individuals — mainly among the 2-year-old ones — which become preg-
nant even twice a year. This was also observed by the above mentioned American 
authors, but in his Japanese studies, S A I T O ( 1 9 6 5 ) did not experience such a pheno-
menon in the case of the Ligidium japonicum species. 
Comparing the experienced facts with the referred studies from abroad many 
similarities can be found in regard to the dynamics of the populations as well as in 
their reproduction characteristics — despite the varying climatic relations and differ-
ing species. 
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Abstract 
In the course of a two years ' s tudy, a u t h o r processed data of 634 individuals of the 3 lizard 
species (Lacerta taurica, L. agilis and L. viridis) living o n a sandy grassland. The density o f the lizard 
popula t ion was 557 individuals per hectare. The migrat ion of the juvenile L. taurica tended towards 
the sur rounding grazed areas. The L. taurica popula t ion belongs to mortal i ty type N o . I I . T h e ma in 
mortal i ty f ac to r is predat ion. The covering by vegetation segragetes L. taurica f r o m the o the r two 
populat ions . T h e consequences regarding habi tude of the morphological differences between the 3 
species presumably act in the direction of a decrease in interspecific compet i t ion between the indi-
viduals m o r e than 1-year-old. The l izards represent a biomass of 1725 g/ha a t the sampl ing area. 
Their annua l nutr iment consumpt ion is 1.3 g / m ' , 18% of the complete secondary consumpt ion , 
and 8 % of the pr imary consumers ' p roduc t ion . T h e lizards play a significant role in the regulat ion 
of the Coleoptera, Aranei and Orthoptera populat ions . 
Key-words: Lacertilia, density, migrat ion, niche analysis, interspecific compet i t ion , a l iment 
consumpt ion , al iment composi t ion 
Introduction 
Our Department has been carrying out complex ecological investigations on 
sandy grasslands in the model area of Bugacpuszta since 1976 (MÓCZÁR et al., 1980). 
In the course of these studies, an answer was sought to questions of production-
biology and ecological regulation. In this biocenosis secondary consumer populations 
have a significant role from the viewpoint of material- and energy-circulation, as wall 
a s r e g u l a t i o n (GALLÉ, 1 9 7 8 , FARKAS, 1978 , GYENES, 1 9 8 2 ) . T h e p r e s e n t s t u d y a i m e d a t 
investigating certain ecological parameters of the Lacerta species, reaching significant 
density in that area, first of all L. taurica. The author's objective was dual, viz. (i) 
studies on the causal background of the space-time pattern in rescept of the lizard 
populations; (ii) approach to the regulatory role of the biocenoses. In the present 
paper my studies on the population structure, the interactions between lizard popu-
lations, the biomass, the aliment composition and the alimentary consumption are 
summarized. 
Material and methods 
T h e studies were pe r fo rmed in 1981 and 1982 f r o m March till October in a 2.38 hectare model 
a rea located at Bugacpuszta in the Kiskunság Nat iona l Park . The region is a n inhomogeneous 
sandy grassland interspersed with small sand-hill r idges and wind-furrows, and bordered by a forest 
at the Nor th-eas tern side. Till 1976, the a rea was mildly utilized f o r grazing, then it was isolated f r o m 
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the neighbouring area, where grazing was cont inued. Consequent ly , the Potentillo-Festuceium 
pseudovinae association covering a great part of the area is turn ing into Festucetum-vaginatae asso-
ciations at the sand-hill ridges, and into A fol inio-Salicetum rosmarinifoliae associat ions at the wind-
fur rows, in the course of secondary succession. The detailed botanic, pedologic, and microcl imat ic 
characterizat ion of the sandy grassland has mainly been comprised in the works of KORMOCZI 
(1982a, 1982b, KORMOCZI et al., 1981). I worked with manua l catching in the area . N u m b e r e d 
a luminium boards were placed every 10 m, t o m a r k the exact location coordinates of the catchings. 
Three lizard species live in the sandy grassland, namely, the Laceria taurica laurica (PALLAS), the 
Lacerta agilis agilis (LINNAEUS), and the Laceria viridis viridis (LAURENTI). Animals were collected 
at abou t two-week intervals. The following da ta were recorded : the date and place (with meter 
accuracy) of catching, the species, the age and the sex o f the individuals as determined accord ing 
to DEI Y 1978. T h e body circumference and two body-lenght parameters viz. f r o m the nasal tip t o 
the cloaca orifice and f r o m the nasal tip to the tail end , were recorded, each with m m accuracy. 
T h e second longitudinal parameter was omit ted of the tail was broken or regenerated. The b o d y 
weights were determined with the help of P E S O L A type spr ing scales, with 0.1 g accuracy. T h e aver-
age vegetation covering the soil was est imated and the a i r tempera ture and the relative humidi ty 
(5 cm f r o m the soil surface) were measured by a T H E R M 2246 type electric aspirat ion psychrometre . 
The lizards were marked by cutting off toe phalanges in various combina t ions (WOODBURY 1956, 
BLANCHARD and FINSTER, 1933, — a modified method). T h e density of the lizard popula t ions was 
est imated by recapturing of labelled animals according to the method of Bailey's so-called triple-
cath, based on Lincoln's index (SOUTHWOOD, 1978). Samples were taken f r o m a few s tomach contents 
h o w e v e r , t h e c a t h e t e r m e t h o d (OPATRNY 1980 , SMITH a n d MILSTEAD, 1 9 7 1 . LEGLER a n d SULLIVAN, 
1979) of ten failed, therefore, the material of the aliment analysis was mostly fo rmed f r o m the s tomach 
content of the L. laurica individuals which perished in the glycol insect t raps on the spot . 
On the 47 days spent in the field I processed, the da ta f o r 484 L. taurica, 169 L. agilis, a n d 228 
L. viridis specimens comprising the da ta fo r the recaptured individuals. Eleven L. taurica individuals 
different in age and sex were collected for laboratory studies concerning al iment consumpt ion f r o m 
the grass-plots in the neighbourhood of the area. The animals were kept in 30 X 40 cm sized terraira 
and were fed with Galleria mellonella larvae. 
Results and Discussion 
1 . D E M O G R A P H I C P A R A M E T E R S 
1.1. D e n s i t y 
The density of L. taurica was found rather high: in yearly average 8 3 7 ± 3 7 for 
the whole area (2,4 ha), i. e. 351 individuals per ha. The density was lower for L. agilis 
viz. 348±90/2.4 ha, i. e. 146/ha, and still lower for L. viridis, viz. 144±45/2.4, ha, 
i. e. 60/ha. The total density was 557 lizards per ha. This represents a biomass of 
1725 g/ha, which significantly surpasses the density 700g/ha reported by TINKLE 
1972. On the contrary, the total density determined in the present study on the other 
hand, was by one order of magnitude lower than the average density reported by 
SCHOENER (0.97 individuals per m2), which is probably the highest density measured 
for lizards so far (SCHOENER, 1980). It should be taken into account that Schoener 
studied Anolis lizards, which have smaller bodies, in a field where the maintaining 
capacity of the environment was considerably great. 
1.2. T e r r i t o r i a l b e h a v i o u r and m i g r a t i o n 
The spatial structure of the lizard populations is fundamentally determined by 
their territorial behaviour. On the basis of the distances between the catching and 
recatching points, information could be obtained regarding the territory fidelity and 
the degree of migration of individual lizards. As shown in Table 1, the juvenile L. tau-
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Table 1. Migrat ion of the 3 lizard species 
x (meter) — Average of 
L. taurica L. agilis L. viridis 
juv. ad . juv . ad . juv. ad . 
migrat ion distance — 17.26 11.20 8.78 12.50 34.18 13.37 
5 (dispersion) 19.65 7.69 5.46 10.32 38.49 11.74 
5 ' (variancy) 386.24 59.17 29.87 106.70 1481.00 137.98 
Six 1.14 0.68 0.62 0.82 1.12 0.87 
svx 22.36 5.28 3.40 8.53 43.34 10.31 
n (number of individuals) 45 15 14 6 38 8 
0 - 1 0 m ( % ) 64.44 46.66 64.28 50.00 52.63 37.50 
11-20 m (%) 11.11 40.00 35.71 16.67 7.89 50.00 
21 m < ( % ) 24.44 13.33 0 33.33 39.47 12.50 
maximal distance 75 26 20 26 115 36 
rica and L. viridis individuals are significantly different from the adults of the same 
species in respect of migration. For example, the juvenile L. taurica individuals have 
a higher average recapturing distance than the developed individuals, and their vari-
ance is also essentially higher. This latter is caused by the fact that the great majority 
of the individuals turned up again either within 10 m (64%), or more than 21 m (24%) 
apart. On the basis of the high ratio of the 0-10 m capturings, it can be assumed 
that the residence district of the juvenile individuals is small and that recapturings 
suprassing 2 1 m — the majority of which is between 40 and 70 m — indicate migrat-
Fig. 1. Distribution of adult and juvenile individuals of L. taurica in the function of vegetation 
covering. P , : relative frequency 
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ion. The adult L. taurica individuals appear in the 11-20 m recapturing category much 
more frequently (40%). The territories of these are presumably larger and less variable 
in size, and the migration is minimal. Presumably, the migration of the juvenile 
individuals supplanted from the network of the territories tended towards the surroud-
ing grass-plots utilized for grazing where the density of the lizards is considerably 
lower (colonization for the occupation of "empty niche"-s (SCHOENER, 1968)). 
This means that juvenile lizards tending to avoid intra- and interspecific competitive 
effects become supplanted to areas with sparse vegetation (Fig. 1). Strong negative 
correlation was demonstrated between the ratio of the juvenile individuals and the 
covering vegetation: 
^ = 0 .951-0 .691A: 
r= - 0 . 8 2 9 0 , 0 0 1 
0' = ratio of juvenile individuals, x-relative vegetation covering). 
(r: correlation coefficient, P; significance). 
The cause of the negative correlation may be attributed to that in the areas with 
higher covering, i. e. being more favourable for all three species, the juvenile L. taurica 
individuals do not tolerate the competition with L. agilis and L. viridis, and presum-
ably predation in the case of L. viridis (WEBER , 1957, HOLEC and KMINIAK , 1970). 
Thus our model area, which is spared from grazing and treading functions as a pool 
for the L. taurica individuals and significantly promotes recolonization in the sur-
rounding grass areas. All these support the view of our ecological team. This team 
had proposed to withdraw from grazing an area of 1-4 ha at the Bugac plain for 
protection of nature. 
The data regarding the recapturing distances are in good agreement with the 
results of Cruce (1970). According to the present investigations, 64% of the juvenile 
L. taurica individuals were found within the area of 10 m diameter determined for 
this species on the basis of Cruce's studies. For adults, Cruce found areas 15 m in 
diameter adequate. According to the present studies, 73% of the adult L. taurica 
individuals were refound within 15 m, and the farthest recapturing was only 26 m. 
These data speak against an exclusive protection of territories; they may overlap 
each other in this respect (RUBY, 1978). If the territory utilization were exclusive, 
there would be a need for about a 3-times greater area for an even space distribution 
of the more than 800 lizard individuals estimated in the model area. The migration of 
the juvenile L. viridis individuals showed even a higher frequency (39%). Their mig-
ration, however, did not tend towards the grazing pasture, but rather towards the 
neighbouring forest. 
No significant age-dependence could be found for L. agilis individuals as to 
inclination to emigrate. Emigration of this species could not be demonstrated. 
1.3. A g e and w e i g h t s t r u c t u r e , p r e d a t i o n a l e f fec t o f the L. t a u r i c a 
p o p u l a t i o n 
The body weight and body length data for L. taurica individuals caught in 1982 
were extrapolated to an arbitrarily chosen day (September 15, 1982), with the help 
of a growth curve drawn on the basis of experiences (Fig. 7). This method enabled us 
to study the L. taurica population at an exact point of time. The same could not be 
applied to the other two species, because the separation of the 1-year-old and older 
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individuals encountered difficulties and the amount of samples was lower. Of the 
324 L. taurica individuals studied by us: 185 were juvenile. 78 one year old, 45 two 
years old, and 16 three years old or older (Fig. 2). The equation of the continual 
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Fig. 2. Age- and weight-structure of L. taurica population. B(g): individual biomass, mean values 
expressed in grams; N : number of individuals 
A f = 2 1 6 - 5 4 t /• = — 0.94 
P ~ 0 . 0 5 , 
where N=individual number, / = age (in years). 
In logarithmic form: In / / = 6 . 0 1 - 0 . 7 8 t 
/ • = - 0 . 9 9 ¿><0.02. 
An average body mass value could be attached to each age group, therefore, 
the weight structure also analysed (Fig. 2). On the basis of the weight structure: 
N = 242.88 - 3 4 . 6 5 5 
r = - 0 . 9 5 0.05 
In N = 5 . 6 5 - 0 . 4 0 5 
r = —0.95 P<0.05 
(fl = boby weight expressed in grams). 
According to the mortality functions on the age and weight structure, it was 
justified to classify the studied L. taurica population into mortality type No. II, 
which means that the logarithm of the individual numbers shows linear decrease 
in the function of time. Presuming that predation plays a decisive part in the mortality 
of this population, I performed the following study. The frequency of broken tails 
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is an indicator of predational pressure (TINKLE, 1972), therefore, the distribution 
within population of the total individuals belonging to the various weight groups 
(intact + regenerated + broken-tailed), and the lizards having intact tails were used 
in the x* test (Table 2). 
The assumption was therefore proved: close correlation was found between the 
rate of disappearance for the caught individuals, and the disappearance of lizards 
with intact tails. The potential predators of the lizards living in the model area are 
firstly birds (Buteo, Falco, Corvus), perhaps mammals (Insectívora, Mustelidae), 
and L. viridis. 
Table 2. R a t i o of the to ta l t o intact-tai led L. taurica indiv iduals 
Weight g r o u p (g ) P, ( to ta l ) Pi ( in tac t ) 
0 .4-1 .3 0.311 0.349 
1.4-2.3 0.295 0.322 
2 .4-3 .3 0.147 0.140 
3 .4-4 .3 0.107 0.094 
4 .4-5 .3 0.069 0.059 
5 .4-6 .3 0.043 0.025 
6.4-7.3 0.021 0.007 
7 .4- 0.002 0 
0.995 0.996 
= 0.0298 
P > 0 . 9 9 
2 . INTERACTIONS BETWEEN LIZARD POPULATIONS 
The methods of niche analysis were used for the detailed studies on the environ-
mental demands of the three lizard species. The justifiability of this is supported by 
PIANKA ( 1 9 7 5 ) , who pointed to the role of competition and niche relations in the 
organization of lizard communities. According to PIANKA and HUEY ( 1 9 7 8 ) , the 
microhabit and alimentary conditions may play a role in the niche segregation of 
lizards. This prompted me to study the factors determining the microhabit selection 
first of all. The analysis of the alimentary composition has already been performed 
for L. taurica. 
2.1. V e g e t a t i o n c o v e r i n g 
It can be clearly seen in 3 that the vegetation covering shows irrelevant effect 
on L. taurica, while the other two species favour the regions of mass vegetation, 
mostly the wind-furrows. In accordance with this, the values of the niche overlapping 
regarding L. taurica are the lowest in the dimension of vegetation covering (Table 3, 
on the basis of the RENKONEN-SCHOENER formula). Also in conformity Fig. 3 , the 
niche width values are the highest for L. taurica (Table 4). The niche centre of L. tau-
rica is around 70% covering, in contrast to the 100% computed for the other two 
species. It is not the species composition of the vegetation which determines the cho-
osing of living place, but rather the covering and structure. 
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I • t 2 3 * 0 v 
Fig. 3. Distribution of the 3 lizard species according to the vegetation covering. 
(T: L. laurica. A : L. agilis, V: L. viridis) P , : relative frequency 
Table 3. Niche overlapping of the 3 lizard species in the dimension 
of vegetation covering 
L. laurica L. agilis L. viridis 
L. laurica 1 
L. agilis 0.278 1 
L. viridis 0.374 0.842 1 
RH I%1 
Fig. 4. Distribution of the 3 lizard species on the basis of relative humidity 
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2.2. R e l a t i v e h u m i d i t y 
The histogram of this factor is illustrated in Fig. 4. The overlapping values bet-
ween the three species are high in this dimension (Table 5). The niche centre for 
L. laurica is characterized by 47% relative humidity: for L. agilis and L. viridis the 
Table 5. N iche over lapping of the 3 l izard species on the basis 
of R H % 
L. laurica L. agilis L. viridis 
L. laurica 1 
L. agilis 0.694 1 
L. viridis 0.818 0.762 1 
corresponding percentages are 56% and 51% respectively. There is no significant 
variation in niche width between the three species. Table 4 comprises the values 
of the niche width calculated by SHANNON'S formula expressed in In. regarding the 
three lizard species, in the studied three dimensions. 
2.3. T e m p e r a t u r e 
The studies regarding air temperature do not show segregation of the three 
populations (Fig. 5, Table 4). (Here a role can be attributed to the colour and structure 
of the sand soil surface, due to the varying degree of reception of isolation). The niche 
centres per species, viz. L. laurica: 27.8 °C, L. agilis: 26,7 °C, L. viridis: 26.3 °C, 
show rather slight variations. Comparing these data with the relevant results of the 
studies accomplished by KORSÓS (1982a, b), the following determinations could be 
made regarding L. agilis and L. viridis. The niche width of these two species is closely 
similar to the niche width obtained in the present study, nevertheless, in the latter 
Fig. 5. Distribution of the 3 lizard species according to tempera ture 
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Table 4. Niche width values for the 3 lizard species in the three 
s tudied dimensions 
B% R H % t ( ° C ) 
L. taurica 3.17 2.27 2.24 
L. agilis 0.44 2.49 2.16 
L. vi'idis 0,72 2.43 2.28 
case, a conspicuous shift towards higher temperatures was experienced ( + 1 0 °C for 
L. agilis, + 4 °C for L. viridis). This might be attributed to the different character and 
climate, of the areas studied by us. 
As shown by the studies on the three niche dimensions, the vegetation covering 
causes a very large segregation between the three populations. The lizards choosetheir 
place of living on the basis of the mass of the vegetation (SCHOENER, 1978). 
2.4. M o r p h o l o g i c a l d i f f e r e n c e s 
The morphological differences may have a potential role in the separation of 
species according to habit (KORS6S, 1982b). Table 6 demonstrates the values of the 
two characteristic body ratios by species; namely, the tail length per body length 
Table 6. Body ra t io values f o r the 3 lizard species 
L. taurica L. agilis L. viridis 
F / L 1.651 1.668 1.915 
S (dispersion) 0.103 0.117 0.089 
K / L 0.503 0.579 0.566 
S (dispersion) 0.048 0.039 0.025 
Morphological character izat ion short-tailed short- tai led long-tailed 
slim squat squat 
(F/L) and body width per body length (K/L) ratios. In these studies each samples 
consisted of 30 individuals irrespective of age, fordoby ratios of did not distinguish 
juvenile lizards from developed ones. PLETICHA ( 1 9 6 8 ) and KORSÓS ( 1 9 8 1 ) found 
isometric postembryonal growth. The F /L constant for L. taurica and L. agilis can 
sharply be distinguished from the at for L. viridis. Due to its greater dispersion, the 
K/L ratio shows some difference — although not an unambiguous one — between 
sand lizard, and the other two species. 
A close correlation has been demonstrated in respect to the lizard's jaw length 
and the size of the prey (KORSÓS, 1982b). I compared in this context the body length 
with the aliment proportions from the data pairs of 110 L. taurica and its prey. 
The relationship found between these can be demonstrated by the following function: 
y= - 3 . 8 4 + 0 . 2 2 x 
r = 0.570 /»<0.001 
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Fig. 7. Growth curves for the 3 lizard species ( t = hibernation) 
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where y = dimension of prey in mm, A"=the body length of L. taurica in mm. On the 
basis of the close correlation between the prey dimension and jaw length SCHOENER 
and GORMAN refer to relationships regarding competition (SCHOENER and GORMAN 
1968). In respect of the evolution of the interspecies differences in body size DUNHAM 
and TINKLE 1978 also propound the role of competition. 
Since the correlation shown in Fig. 6 exists between the body length and weight 
of the three lizard species, the measures of the prey can accordingly be examined in the 
function of body weight. It is striking in Fig. 6 that the curve of L. agilis runs above 
that of L. viridis, and the curve of L. taurica runs below it. Here I refer back to the 
K/L values and the morphological characteristics demonstrated in Table 6. Accord-
ingly competition regarding aliment only exists between individuals of similar body 
weight. In this respect, therefore, interspecific competitive interaction can only be 
determined between juvenile individuals in autumn and spring. The reason for this 
is the different growth rate of the three species (Fig. 7). Following the spring of the 
first hibernation, the relative growth of all three species shows a strong outset (CRUCE. 
1970, regarding L. taurica) (Fig. 8). Nevertheless, in respect of body weight and body-
length L. agilis strongly, and L. viridis rather intensely surpass L. taurica. It has been 
shown that in regard to the obtainment of food the 1-year-old or older lizards of 
varying species do not exclude each other competitively. If later on, certain degree of 
competition arises between them — interactions of growth curves — this is limited 








Fig. 8. Relative growth of the 3 lizard species 
J B 
— : relative increase in body weight 
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3. THE PLACE OF LIZARDS IN THE ALIMENTARY NETWORK 
3.1. I n d i v i d u a l b i o m a s s c h a n g e s and f o o d c o n s u m p t i o n 
Here the aim was not a detailed analysis of production-biology, but only the 
demonstration of the laboratory studies related to the food consumption of the cha-
racteristic lizard species of the model area, viz. L. taurica. Fig. 9 shows a correlation 
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Fig. 9. Individual biomass changes and food consumption of L. taurica 
C : aliment consumption (fresh weight mg per day) 
between the changes in biomass and food consumption. With the x-y value pairs 
of this graph the following logarithmic function was obtained: 
In C =4 .32+0 .479 In B 
/• = 0.984 P ^ 0.001 
C = 75.24 B°479 
B = live weight (gram) 
C = f o o d consumption (fresh weight mg per day) 
C' = food consumption (dry weight mg per day) = 0.205 C 
The function is in good agreement with the relevant results of the work of 
A V E R Y (1978), who author reported on the following relationship: at low tempera-
ture: C' = 19.3 at high temperature: C" = 34,6 fl0 65. Despite the similar course 
of our functions, the experienced variations were presumably caused by differences 
in the animals of alimentation as well as the studied objects (Podarcis muralis and 
P. sicula), since the average active body temperature of these species was 33.6 °C 
and 35.2 °C, respectively, i. e. about 8 CC higher than that in the case of the L. taurica 
regarding the present study. Thus, the food consumption of the Podarcis species is 
almost the double that of L. taurica. 
In the knowledge of the weight structure, density and consumption of L. taurica 
population ,the biomass and average daily food consumption values of this species 
can be calculated for the model area. For the other two species the biomass and the 
aliment consumption values were estimated by extrapolation. The annual average 
biomass values were as follows: 
*(t . .«ri«) = 8 31g/ha 
BiL. «"») = 5 8 4 g/ha 
B,L. wUUU) = 360 g/ha 
B(total) =1725 g/ha. 
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In comparison with other studies, this is a rather high total biomass value. TINKLE 
(1972), e. g. reported 700g/ha. Values of the daily food consumption: 
c a . Iayr,ca) = 36.1 g/ha-day 
C I L . A,,U.) ^ 2 0 . 4 g / h a - d a y 
C,l. 10-2g/ha-day 
CUOLAL) % 6 6 . 7 g / h a - d a y . 
Die period of activity of the lizards can be estimated to 200 days per year, thus 
their annual consumption amounts to 1.334 g/m2. Taking into account the consump-
tion by the other carnivores living in the model area (firstly, Aranei, Formicoidea) 
we may state lizards take up 18% of the food amount flowing into the secondary 
consumption level, 8% of the production regarding the primary consumption level, 
a n d 0 . 6 6 % o f t h e p r i m a r y p r o d u c t i o n (FARKAS, 1 9 7 8 ; GALLÉ, 1978 , GYENES, 1 9 8 2 ) . 
3.2. Q u a l i t a t i v e c o m p o s i t i o n of a l i m e n t 
Table 7 summarizes the results of the analysis of the stomach content of 24 
L. taurica individuals. Trophic levels: primary consumers (1), secondary consum-
ers (2), decomposers (3), susiinents (4). Fig. 10 illustrates the percentual quota of the 
prey listed into the four trophic levels, regarding aliment. 
The diversity value of the prey (SHANNON and WEAWER 1 9 4 9 ) is the following: 
H(S) = 2.28. The highest reachable value here would be H(S)m,x = 2.89. 
Table 7. S t o m a c h conten t of 24 L. taurica individuals 
T a x o n T r o p h i c level 
n ( individual 
n u m b e r ) 
% 
Gastropoda 3 3 2.65 
Collembola 3 7 6.19 
la rva ( inde t ) 1 3 2.65 
la rva ( indet) 2 1 0.88 
la rva ( inde t ) 3 1 0.88 
Blatlidea 3 3 2.65 
M amide a 2 1 0.88 
Orthoptera 1 11 9.73 
Heteroptera 1 3 2.65 
Homoptera 1 7 6.19 
Neuroptera 2 2 1.77 
Coleoptera 1 34 30.09 
Coleoptera 2 0 0 
Coleoptera 3 2 1.77 
Lepidoptera 1 1 0.88 
Diptera 3 a n d 4 3 2.65 
Hymenoptera 4 1 0.88 
Formica 2 9 7.96 
Aranei 2 21 18.58 
T o t a l : 113 99.93 
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Fig. 10. Percentual composi t ion of the a l iment of L. laurica. 
1: pr imary consumers, 2 : secondary consumers , 3: decomposers . 4 : sustinents 
This means that the aliment composition of this species is variable. The diverse aliment 
composition and the specialization of low degree is presumably a general characteristic 
of Lacerlidae (ROBINSON and CUNNINGHAM 1 9 7 8 ) . The above values were determined 
for relatively large taxonomic categories, lizards choose prey on the ground of the 
general appearance, motility and dwelling of the prey; and they do not take its 
species into account. Table 7 shows that insects flying well (for example Dip/era, 
Lepidoptera, Neuroplera, etc.), that is, those difficult to catch represent a slight 
proportion of the in consumption. L. laurica may play a significant role in the control 
of phytophage beetles and spiders. According to BALLINGER ( 1 9 7 9 ) , in the periods 
abundant in nutriment lizards "change to" the consumption of aliments of larger 
bodies. It may be assumed, therefore that at the time of the mass increase of the 
Locusts, the lizards of Bugac also play a role in the regulation of these. 
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COMPARISON OF SERIES FROM THE AVAR AGE BY CLUSTERING 
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Abstract 
A u t h o r determined the weighted mean and s tandard deviation of 14 measurements f r o m 28 
Avar-Per iod series d u g up in Hungary . Their compar i son with the HOWELLS mean-sigmas manifested 
significant differences in 13 male and 8 female characters. 
With the help of compute r the PENROSE distance were determined (of size and shape ; generalized) 
and by simple (single-link) and complex (complete-l ink) clustering, the distances between the var ious 
series were demons t ra ted . 
Key-words: Avar-Per iod series, mean s igma. PENROSE distances, clustering 
Introduction 
The evaluation of human bone remains from the many Avar-Period cemeteries 
excavated on Hungarian territory was firstly carried out from the viewpoint of 
taxonomy and facial-flatness. Synthesizing studies provide survey on the sites (ÉRY, 
1968) and on the results of the biometrical comparison of the 6th-12th century 
cemeteries (ÉRY, 1970). The latter publication comprises the studies on 10 measure-
ments and 7 indices of 34 male and female series, taking into account the mean 
sigmas of VAN BORK-FELTKAMP, HOWELLS and ALEKSEEV-DEBEC . The 909 male and 
779 female skeletons of the 16 Avar-Period series, and the 18 series belonging to 
the time of the Hungarian conquest and the subsequent Arpadian Age practically 
form a combined europid sample (with the exception of the Üllő I and II sites). 
However, they provide less information on the possible differences between Avar 
Age series. 
With the purpose to determine this, similar studies were accomplished on 28 
Avar-Period series, mainly originating from the area between the rivers Danube 
and Tisza. 
Materials and methods 
The findings f r o m the following cemeteries were taken into considera t ion: 
Ador ján-Highway (Ador ján-A) and A d o r j á n - f a r m (Ador ján -F) (BARTUCZ-FARKAS, 1957), 
A l a t t y á n - T u l á t (WENGER, 1 9 5 7 ) , Á p o r k a i - Ü r b ő p u s z t a (LIPTÁK, 1 9 5 1 ) , B a í k a - T o p o l a ( F A R K A S -
MARCSIK, u n d e r p u b l i c a t i o n ) , C s á k b e r é n y ( T Ó T H , 1 9 6 2 ) , E l ó s z á l l á s - B a j c s i h e g y ( W E N G E R , 1 9 6 7 ) , 
G y ó r (NEMESKÉRI, 1 9 4 3 ) , H o m o k m é g y - H a l o m (LIPTÁK, 1 9 5 7 ) , J á n o s h i d a - T ó t k é r p u s z t a ( W E N G E R , 
1 9 5 3 ) , K e c e l - I (LIPTÁK, 1 9 5 4 ) , K é k e s d (WENGER, 1 9 6 8 ) , K i s k ő r ö s - P o h i b u j (LIPTÁK, 1 9 5 6 ) , K u n -
176 GY- FARKAS A N D P. H U N Y A 
s z á l l á s ( L I P T Á K - V A R G A , 1971) , M a d a r a s ( L I P T Á K - M A R C S I K , 1 9 7 6 ) , M é l y k ú t (MARCSIK, 1 9 7 1 ) , 
M o s o n s z e n t j á n o s (LIPTÁK, 1959) , S z o l n o k - R á k ó c z i f a l v a (L IPTÁK-MARCSIK, 1975) , S ü k ö s d ( K Ő -
HEGYI-MARCSIK, 1971) , S z e g e d - F e h é r t ó - A (LIPTÁK-VÁMOS, 1969) , S z e g e d - K ú n d o m b (LIPTÁK 
MARCSIK, 1 9 6 6 ) , S z e g e d - M a k k o s e r d ő (VÁMOS, 1 9 7 3 ) , S z e k s z á r d - P a l á n k (LIPTÁK, 1 9 7 4 ) , S z e n t e s -
K a j á n (WENGER, 1955) , S z a r v a s - K á k a p u s z t a ( L I P T Á K - M A R C S I K , 1971) , T i s z a v á r k o n y ( L I P T Á K . 
1 9 5 8 ) , ( J l l ö -1 , a n d I I (LIPTÁK, 1955) . 
T h e analysis was carried out on the basis of the craniomeir ic numera t ion according to MARTIN-
SALLER ( 1 9 5 6 ) , w i l h t h e f o l l o w i n g m e a s u r e m e n t s : 1, 8 , 9 , 17, 3 8 , 4 5 , 4 7 , 4 8 , 51 , 5 2 , 5 4 , 55 , 6 6 a n d 6 9 . 
T h e series in which any of the 14 measurements was missing or the individual da ta could no t be 
substi tuted were not included in the joint sample. 
According to ou r basic conception the 28 Avar-Period series were regarded as a single popula t -
ion. As the first s tep the sample element numbers (n), the ar i thmetic mean ( ¿ l a n d s iandard deviation 
(s) were repeatedly determined fo r all 14 types f r o m the basis data by sex. The same calculat ion was 
carried out fo r literary da ta fo r which above parameters h a d been given. Taking into account these 
parameters , we gained the combined sample element numbers ( N ) , the weighted a r i thmet ic mean 
( i ) and the wighted s tandard deviation (S) according to character and sex. These are given in Tab le 1. 
An R-40 type computer was used. 
T o determine the variation and their degree between the HowELLS-type mean-sigmas a n d s tand-
ard deviations obtained fo r the Avar-Period findings, the chi-square probe of R a o was used: 
• n . s ' 
where n = the number of the appropr ia te characters in the combined sample ; s*=var i ance of the 
combined sample ; and e * = t h e HowELLS-type mean-sigma referr ing to the appropr ia te charac ter . 
The difference obtained o n the basis of the \2 .x* - 1 formula follows normal d is t r ibut ion 
above 30 degrees of f reedom around O mean, with unit s t anda rd deviation. On this basis, if the above 
difference value reaches 2 and 3, the difference should be regarded as significant and highly signi-
f i c a n t r e s p e c t i v e l y (THOMA, 1957) . 
The results of calculations are presented in Table 2. 
F o r the calculation of the PENROSE-distances the combined sample 's s tandard deviat ion was 
regarded as Avar-Period mean-sigma, in our opinion, the HowELLS-type mean-sigma values pub-
lished in the literature (THOMA, 1957) cannot be applied to the Avar-Period series, because the s tan-
dard deviations regarded as s tandards were only calculated f r o m europid- type series. F u r t h e r m o r e , 
the s tandard deviation values are not distinguished accord ing to sexes. 
Also by means of computer , the PENROSE-distances (KNUSSMANN, 1967) — accord ing to size, 
shape, and generalized — between the samples were determined separately fo r males a n d females. 
On the basis of these, simple (single-link) and complex (complete-l ink) clusters were f o r m e d by 
computer . T h e results a re given in Figures 1-12. 
In the Figures the following symbols were used: M C H means the size distances f o r males . 
F C H the same for females; M C F (males) and F C F (females) fo r shape distances; M C R (males) 
and F C R (females) fo r the generalized distances. 
Wi th single-link clustering those two samples were regarded as belonging to one g r o u p between 
which a linkage could be determined whose each element reaches a given level. 
The complete-link relation brings into prominence the groups in which each sample is in close 
connection with the others. This method regards two samples as belonging to one g r o u p if bo th 
represent a similarity level higher than a given level with every element of the group, a n d with each 
other . 
Results 
Table 2 gives information on the differences between the s tandard deviation 
values of the HowELLS-type mean-sigmas and those of the Avar-Period combined 
sample. 
In the case of males significant difference was not obtained concerning the 
width of the lower jaw (go-go); for the other 13 parameters the standard deviations 
of the Avar Age findings show greater variation than the mean-sigmas given by 
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H O W E L L S . As regards females, significance was in case of five measurements: maxi-
mum length of the skull, minimum forehead width, morphologic face height, height 
and width of orbita. 
We concluded tha t the differences of the s tandard deviations regarding males 
could first of all arise f rom the mongolid character and unambigously proves our 
assumption, tha t the HowELLS-type mean-sigmas calculated for europids cannot 
always be applied to the Avar-Period series, which comprise mongoloid elements. 
In the case of females, on the o ther hand , the slighter variations may arise f rom 
the fact that the HowELLS-type values refer to males. 
As to the size distances (MCH) for the male findings the similarily was the most 
striking between the Homokmégy and Kecel-I sites, while the findings excavated 
at Rákoczifalva could only be linked to the rest of the samples at the 0.60 level. 
On the basis of the size distances, further sites can also be divided into groups (Fig. 1.) 
On the basis of the size distances (FCH) the female skeletons show the greatest 
similarity at the 0.95 level, in the case of the Homokmégy, Kecel-I and Üllő—II 
series, while the slightest link, 0.65, to the rest of the samples was found from the 
findings at Szarvas (Fig. 2). 
With the complete-link clustering an entirely separate group is formed by the 
male findings of the mainly mongolid series from Baőka- lopola , Madaras, Szarvas, 
Kunszállás and Mosonszentjános. 1 he series Adorján-F segregates. The group of 
findings from Rákóczifalva is entirely different from every other sample. The rest of 
the series can be ranked into a larger group. Within the first and third groups at a 
lower level, subgroups segregating from each other were observed (Fig. 3). 
Withcomplesteclustering in thecaseof the female findings, the Avar Age findings 
from Szeged-Makkoserdő and Szarvas can sharply be separated, and the rest of the 
series can be divided into two large groups, within which subgroups can be distin-
guished (Fig. 4). 
Fig. 5 gives information on the shape distances regarding males (MCF). Further 
three series (Tiszavárkony, Ul lő-I and II) could be linked to the group formed by 
the two sites (Homokmégy and Kecel-1) connectible on the basis of the size distances. 
In this case, too, the Avar Age findings from Rákóczifalva were those less connectible 
to the rest of the series. Apart from the aforesaid, further four major groups could be 
separated. 
In the case of females (FCF) the highest (of 0.95 level) and lowest (0.65 level) 
linkage could be formed in entire similarity to the results obtained regarding the 
size distances (Fig. 6). 
With the complete-link clusterirg the male findings (Fig. 7) could be divided 
into a smaller (Baőka-Topola, Mélykút, Madaras, Kunszállás, Mosonszentjános) 
and a larger group comprising the majority of the series. The Rákóczifalva series 
forms a completely separate one. The result of the clustering is greatly similar to the 
result of the complete-link clustering gained for the size distances, only the Adorján-F 
site does not form a separate group as regards shape distance. 
Fig. 8 shows the sketch of the complete-link clustering of the shape distances 
in the female series. On this basis, the samples can be divided into two completely 
different groups. Within the larger group, considering levels between 0.30 and 0.75, 
five subgroups of findings could be separated, being in connection with each other. 
Fig. 9 demonstrates the obtained information on the relationship of the male 
series (MCR) on the basis of the generalized distances. It could be determined that the 
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Fig. 1. Results of simple clustering on the basis of the size dis tances regarding male findings ( M C H ) 









































Fig. 2. Result of simple clustering o n the basis of the size distances regarding female findings ( F C H ) 
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Fig. 4. Result of complex clustering on the basis of the size distances regarding female findings 
(FCH) 
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Fig. 5. Result of simple clustering on the basis of the shape distances regarding male findings ( M C F ) 
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Fig. 6. Result of simple clustering on the basis of the shape distances regarding female findings 
( F C F ) 
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Fig. 8. Result of complex clustering on the basis of the shape distances regarding female findings 
(FCF) 









K E C E L - I . 
TISZAVÁRKONY 



























Fig. 9. Result of simple clustering on the basis of the generalized distances regarding male findings 
( M C R ) 
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Fig. 10. Result of simple clustering o n the basis of the generalized distances regarding female findings 
( F C R ) 
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Fig. 11. Result of complex clustering on the basis of the generalized distances regarding male findings 
( M C R ) 
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Fig. 12. Result of complex clustering on the basis of the generalized distances regarding female 
findings (FCR) 
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following sites could be linked at the 0.95 level: Homokmigy, Kecel-I, Tiszavar-
kony, Olio—I and II, while the findings from R£k6czifalva entirely differ from the 
rest of the samples at the 0.60 level. 
Fig. 10 shows the single-link clustering of the generalized distances in the case 
of the female series. Three sites could be linked at the 0.95 level (Homokmigy, 
Kecel-I, i)l lo-II), while the findings from Szarvas could only be linked to every 
other series at the 0.65 level. 
The result of the complete-link clustering in regard to the males is shown in 
Fig. 11. The series can practically be divided into two large groups, the boundary 
line is formed by the Rdk6czifalva findings. Distribution into four subgroups was 
possible within the larger group. 
Fig. 12 demonstrates the female series in a similar manner. Here, the Moson-
szentjdnos series is completely separated, the rest of the finding groups are in relat-
ionship with each other to a lower or higher degree and form a connected group. 
Nevertheless, at least six subunits can be separated within this large group. 
Table I. Parameters of the combined Avar Period sample 
Males 
N o . Mart in N X 5 N o . Mart in N X 5 
1. 724 182.45 6.83 1. 611 174.68 6.05 
8. 724 144.31 6.45 8. 641 140.42 5.97 
9. 786 97.11 4.61 9. 697 93.99 4.28 
17. 513 131.21 5.92 17. 475 125.30 5.60 
38. 407 1421.00 115.16 38. 365 1288.70 105.98 
45. 515 134.93 5.78 45. 476 126.13 5.59 
47. 498 119.60 6.84 47. 428 111.72 6.21 
48. 658 70.98 4.65 48. 589 67.17 4.67 
51. 691 40.61 1.94 51. 630 39.32 1.81 
52. 695 33.69 2.38 52. 636 33.51 2.02 
54. 650 25.75 1.93 54. 578 24.72 1.99 
55. 675 51.95 3.71 55. 605 49.44 3.24 
66. 573 102.44 6.52 66. 521 93.90 6.05 
69. 670 33.13 3.33 69. 595 29.78 3.74 
Females 
D i scus s ion 
The 77% significant deviation of the male and female standard deviation from 
the HowELLS-type mean-sigmas according to character of the combined samples 
unambigously proves that the comparison of the Avar-Period series — with com-
prising Mongoloid elements — is more appropriate with the weighted standard 
deviation values obtained on the basis of combining several Avar-Period series. 
Since the significant deviations were experienced in 81 % in the case of males, and in 
61% in the case of females, it is also more appropriate to calculate the weighted 
standard deviations for the male and female types separately, and then count with 
these values later on. 
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Table 2. Compar i son of the HowELLS-type mean sigmas and the s tandard deviation of the 
Avar sample 












1. 6.09 6.83 4.64 + + 6.05 - 0 . 5 9 
5.03 6.45 10.76 + + 5.97 6.71 4- + 
4.32 4.61 2.69 + 4.28 - 0 . 3 3 — 
5.12 5.92 5.02 + + 5.60 2.90 + 
5.10 5.78 4.29 + + 5.59 2.98 4-
6.33 6.84 2.56 + 6.21 - 0 . 5 4 — 
4.28 4.65 3.15 + + 4.67 3.14 -+ 4-
1.82 1.94 2.48 -L 1.81 - 0 . 1 7 _ 
2.01 2.38 6.88 + + 2.02 0.19 _ 
1.81 1.93 2.38 + 1.99 3.37 + -4-
3.03 3.71 8.26 + + 3.24 2.43 + 
6.62 6,52 - 0 . 5 0 — 6.05 - 2 . 7 6 + 
2.84 3.33 6.32 + + 3.74 10.94 + + 
Remark to the significance level: 
+ + = highly significant + = significant - = non significant 
The PENROSE-type distances provide more exact comparison. 
However, depending on the distance taken as the base for clustering (of size, 
shape, or generalized), the degree of similarity to one another of the various series 
may also differ. 
Despite these, we succeeded in finding such series, which on the basis of all 
three distances could be linked to each other at the same level. 
Therefore, in the case of males, linkage at a level of 0.95% was found for all 
three distances, thus from the studied series, the Homokmégy and Kecel-1 groups 
of findings were those being the most similar to each other. T he findings from Madaras 
and Szarvas, Szekszárd and Előszállás, Kékesd occur together in all three cases. 
The series from Kunszállás and Mosonszentjános could be linked to each other more 
strongly, although their similarity to the rest of the samples is slight. Eventually, 
the male findings excavated at Rákóczifalva unambigously show the least similarity 
to every other sample. 
In the case of females the findings from Homokmégy, Kecel-I and Üllő—II show 
the strongest linkage to each other regarding all three distances. The findings from 
Sükösd and Szeged-Fehértó, Madaras and Mélykút, Tiszavárkony and Adorján-A, 
Előszállás and Kékesd also occur together. The series belonging to the Szarvas site 
was the most different from the rest. 
Both in the case of males and females, the group of findings from Homokmégy 
and Kecel-I, Előszállás and Kékesd were the most similar to each other. Therefore, 
sex differences could not be determined from these. At the same time, however, 
in the rest of the samples, various groupings were possible according to the distances 
calculated on the basis of the measurements of the male and female findings. 
The groups received with clustering cannot be attached to geographical regions, 
since the connection of the series from Kunszállás and Mosonszentjános in the case 
of males; and the series from Tiszavárkony and Adorján in the case of females 
could be determined besides great, different geographical distances. 
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At the same time it seems that the connection of the series independent of the 
geographical situation. 
The demonstrated results are also dependent on many collateral facts, like the 
degree of cemetery excavation (partial or complete), the condition of preservation 
of the findings, etc. 1 herefore, our aim could only be stricted to attempt the outlining 
of the relationships between certain series on a more exact base, making use of the 
opportunity proved by the computer — by no means with the demand to also expand 
the connections between the various groups of findings (population units) to genetic, 
ethnic, or other relationships. 
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Abstract 
The main characteristics of 49 Avar-Age male and 52 female skeletons excataved at the Baika-
Topola-Bankert site (Yugoslavia), an area extremely rich in archeological furniture, are reviewed. 
Some of the skeletons are of Mongolid character. 
In the same area Sarmatian graves were also found . The occurrence of skeletons of Mongolid 
character in these graves points to Sarmatian-Avar relationships. 
A detailed evaluation of the skeletons f rom the pa leopathologies viewpoint has already been 
published. The publications are listed under References. 
Key-words: Avar Age, Mongolid character, BaCka-Topola site. 
Introduction 
The archeologists of the Subotica City Museum, with the leadership of LÁSZLÓ 
SZEKERES, archeologist, excavated a total of 220 graves between 1958-1977 in Yugos-
lavia in the Baőka—Topola—Bánkert area, which is alongside the highway leading 
from Subotica to Novi Sad (SZEKERES, 1978, VÉKONY, 1983). 
For the present evaluation the graves No. 1-196 were at our disposal. 
The findings can be divided into two archeological periods: Sarmatians from 
the 3rd and 4th centuries and Avars from the 6th to 8th centuries. 
There were no skeletons in five Avar graves (Nos 19, 53, 56, 85, 185) and in six 
Sarmatian graves (Nos 4, 37, 67, 81, 115, 132). At the same time, there had been dual 
buryings in 11 Avar graves (Nos 18, 57, 86, 96, 124, 129, 149, 165, 188, 191, 194), 
and in one Sarmatian grave (No. 127). Further two findings (one of which was Mongo-
lid (had been excavated in 1958 (FARKAS, 1971). 
Numbered till No. 196 — also taking into account the dual buryings (dual grav-
es = 12, and two graves from 1958) — the total number of graves was 210. From these 
the number of graves containing skeletons from the Avar Age was 166, and those 
containing skeletons from the Sarmatian Age was 33. In the present paper we deal 
with the findings from the Avar Age — with the exception of the two Avar skulls 
excavated in 1958. The graves No. 197-220 excavated in 1977 were not at our disposal. 
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Methods 
Table 1 gives information on the distribution of the excavated findings by sex, age of death 
and archeological period. T o decide the sex, 22 characters were considered; the age of death was 
determined on the basis of the morphological characteristics of the sutures, of the teeth and of the 
facies symphyseos. 
A c c o r d i n g t o t h e m e t h o d o f MARTIN (MARTIN a n d SALLER 1956) , 9 n e u r o c r a n i u m a n d 17 
splanchnocranium measurements were taken and six morphological characteristics were considered; 
f u r t h e r m o r e , w i t h t h e m e t h o d o f BREITINGER a n d BACH (BREITINGER, 1 9 3 7 , BACH, 1 9 6 5 ) t h e s t a t u r e 
values were calculated f rom the measurements of the long bones. These individual values fo r adults 
are presented in Tables 4 and 5 and those for the fragmentary material are given in the text. 
Tables 2 and 3 comparise come important parameters of the characteristics and indices regarding 
both sexes (sample size, range, arithmetic mean, standard deviation). The calculations were carried 
out with a (able calculator. 
Results 
From the findings 57 were males, 65 were females and 40 (24%) were children. 
The sex could not be determined in two cases. 
As to the age of death the male findings were almost equally disrtibuted in the 
age groups adultus, maturus and senilis, whereas a conspicuously high proportion 
of the female ones (49%) died while being "adulta" i. e. 25-40 years old. 
This result is consistent with the experiences gained from other Avar-Period 
cemeteries. 
The data are presented in Tables 2 and 3, the two sexes may be characterized 
in the following: 
M a l e s : the neurocranium is medium long, moderate wide, low, medium high; 
the brain capacity is medium, the base of the skull is short and medium long; the 
forehead is narrow and medium wide. On the basis of the indices the neurocranium 
is short (brachycranic), its height is meduim (orthocranic); the forehead is nar-
row (stcnometopic). From norma verticals the most frequent are the pentagonoid 
and sphenoid forms, the glabella is mainly of grade 3-4; the protuberantia occipita-
lis externa is of grade 3. 
According to the absolute measurements the splanchnocranium is moderately 
wide and high; the upper face is medium high and high; the orbit is narrow and high; 
the nasal cavity is wide and high and very high; the palate is medium long and medium 
wide; the mandible is medium wide and wide. The face is straight (orthognathous). 
On the basis of the indices, the face is narrow (leptoprosopic), the upper face is 
narrow and medium wide (leptene and mesene); the orbit is high (hypsiconchous); 
the nasal cavity is medium wide (mesorrhine); the palate is very short (hyperbrachy-
staphyline). The fossa canina is flat, but is completely filled up in many cases (23.5%); 
the spina nasalis anterior is mainly of grade 2; the alveolar prognathism is mostly 
moderate. 
The males are of tall-medium stature according to the stature mean, on the 
basis of the frequency of the stature categories they are mainly of medium stature. 
The difference in stature between the two sex is 7.7 cm, in favour of the males, on the 
basis of the means. 
F e m a l e s : their neurocrania are medium long, medium wide, low and medium 
high, according to the absolute measurements. Their brain capacities are medium 
and large, their foreheads are narrow and medium wide. According to the indices 
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they are short (brachycranic), medium high and low (orthocranic and chamaecranic); 
the forehead are medium wide (metriometopic). From norma verticalis the most 
frequent is the pentagonid contour, the glabella is firstly of grade 2, and the protuber-
antia occipitalis externa is of grade 0. 
According to the absolute measurements, the splanchnocranium is medium 
wide and high; the upper face is high; the orbit is narrow and medium high; the nasal 
cavity is medium wide and high; the palate is medium long and short, medium wide 
and narrow; the mandible is medium wide; the face is straight (orthognathous). 
On the basis of the indices, the splanchnocranium is narrow (leptoprosopic); the 
upper face is medium wide and narrow (mesene and leptene); the orbit is high 
(hypsiconchous); the nasal cavity is wide (chamaerrhine); the palate is wide (hyper-
brachystaphyline). The fossacanina is filled up and flat; the spina nasalis anterior is 
mainly of grade 2; the alveolar prognathism is moderate. 
On the basis of the stature mean and also according to the distribution in the 
stature categories, the female were of tall stature. 
The general characterization presented above shows no basic differences between 
the female and the male skeletons. 
The taxonomic analysis of the findings will soon be reported. 
Tables 4 and 5 demonstrate the individual measurements and characteristics 
of the well-preserved findings. The appropriate data of the fragmentary findings 
are given in the following: 
M a l e s : 
Grave 7. — Sexual index: +1.7. Stature: 163.5. 
Grave 28. — G-op: 186, m-op: 180, n-ba: 92, eu-eu: 146, ft-ft: 102, po-b: 113. Juv. 
Sexual index: +1.0. N. vert.: pent. Glabella: 3, prot. occ. ext.: 0, 
stature: 168,7. 
Grave 31. — Ad.-Mat. Sexual index: +1.3 . 
Grave 68. — Id-gn: 32, width of ramus mandibulae: 35. Ad. Sexual index: 
+ 1.2. N. vert.: plag. Prot. occ. ext.: 1. 
Grave 86a. — G-op: 185, m-op: 187, eu-eu: 144, id-gn: 30, height of ramus man-
dibulae: 56, width of ramus mandibulae: 30. Mat. Sexual index: 
+0.7 , N. vert.: plag. Prot. occ. ext.: 3. Stature: 163,9. 
Grave 109. — Width of nasal cavity: 28, ol-sta: 43, enm-enm: 43, height of ramus 
mandibulae: 60, width of ramus mandibulae: 33. Ad. Sexual in-
dex: 0. Glabella: 1, prot. occ. ext.: 0, fossa canina: 2, sp. n. ant.: 
2, alv. progn.: 2, stature: 169.3. 
Grave 118. — Eu-eu: 153, go-go: 96, height of ramus mandibulae: 63, width of 
ramus mandibulae: 31. Juv. Sexual index: +1.1. Prot. occ. ext.: 1, 
stature: 173.8. 
Grave 149a. — Mat. Sexual index: +1.2. Glabella: 0. 
Grave 162. — Go-go: 103, Juv. Sexual index: +2,0. 
F e m a l e s : 
Grave 2. — Td-gn: 27. Ad. Sexual index: - 2 . 0 , Glabella: 1. 
Grave 8. — Ad.-Mat. Sexual index: - 0 . 6 . Glabella: 1. 
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Grave 15. — G-op: 190, m-op: 187. eu-eu: 146, po-b: 112, height of ramus 
mandibulae: 66, width of ramus mandibulae: 38, Ad. Sexual index: 
— 1.5. N. vert.: pentagonoid. Glabella: 1, prot. occ. ext.: 0. 
Grave 22. — G-op: 187, m-op: 185, eu-«u: 124, ft-ft: 91, id-gn: 31. Sen. Sexual in-
dex: —0.7. N. vert.:ell. Glabella: 1, prot. occ. ext.:0, stature: 163.3. 
Grave 42. — Fu-eu: 152, fl-ft: 98, po-b: 110. Sen. Sexual index: - 1 . 3 . N. vert.: 
plag. Stature: 161,1. 
Grave 74. — G-op: 181, m-op: 178, eu-eu: 143, ba-b: 107, id-gn: 24, height of 
ramus mandibulae: 63, width of ramus mandibulae: 30. Sen. 
Sexual index: - 0 . 9 . N. vert.: pent. Prot. occ. ext.: O, stature: 
155,6. 
Grave 134. — Eu-eu: 129, go-go: 88, height of ramus mandibulae: 52, width of 
ramus mandibulae: 27. Ad. Sexual index: —1.6. N. vert.: plag. 
Prot. occ. ext.: 0, stature: 158,9. 
Grave 139. — Ft-ft: 90, width of ramus mandibulae: 28. Sen. Sexual index: 
- 1 . 3 , N. vert.: sphen. Glabella: 3. 
Grave 153. — G-op: 174, m-op: 174, eu-eu: 146, ft-ft: 99, ba-b: 1C0, width of 
ramus mandibulae: 28, Ad. Sexual index: —1.1. N. vert.: ell. Gla-
bella: 1, prot. occ. ext.: 0, alv. progn.: 2, stature: 157,6. 
Grave 177. — G-op: 191, eu-eu: 133, ft-ft: 91, ol-sta: 41, id-gn: 33, height of 
ramus mandibulae: 66. Mat. Sexual index: —0.2. N. vert.: plag. 
Glabella: 1, prot. occ. ext.: 0, alv. progn.: 3, stature: 155.7. 
Grave 182. — Go-go: 96. Ad. Prot. occ. ext.: 0. 
Grave 190. — Eu-eu: 130. Ad. Sexual index: - 1 . 0 . Prot. occ. ext.: 0. 
Tabte I. Distribution of findings by age of death, sex and areheological periods 
Avars 
Inf. I. II. Males Females Underfinable Total 
A«e of death 
% % % n % n n n n % 
Infantia I. 12 30.0 12 7.3 
Infantia II. 28 70.0 — — — — — — 28 17.1 
Juvenis — — 4 7.0 7 10.8 1 50.0 12 7.3 
Adultus — — 15 26.3 32 49.2 — — 47 28.6 
M Maturus 15 26.3 12 18.4 — — 27 16.5 
< Senilis — — 18 31.6 12 18.4 — — 30 18.3 
Unknown — — 5 8.8 2 3.1 1 50.0 8 4.9 
Together 40 57 65 2 164 
Infantia I. 1 20.0 1 3.0 
Infantia II. 4 80.0 4 12.1 
In Juvenis — — 1 6.3 — — — — 1 3.0 
a Adultus — — 6 37.5 4 66.7 3 50.0 13 39.4 
M Maturus 3 18.7 1 16.6 — — 4 12.1 
fc Senilis — — 5 31.2 — — — — 5 15.2 
a cn Unknown — — 1 6.3 1 16.6 3 50.0 5 15.2 
Together 5 16 6 6 33 
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Table 2. Parameters of some impor tant measurements and indices fo r Avar males 
No. o 
(Mart in) n w X s 
1. 42 167-200 181.95 6.54 
lc . 41 163-188 178.29 6.44 
5. 29 86-111 96.83 5.26 
8. 43 135-155 145.58 4.54 
9. 42 82-103 95.67 4.30 
17. 30 116-142 129.20 6.09 
20. 36 106-122 114.06 3.79 
32/la. 31 41-51 47.42 2.66 
38. 30 1214-1580 1405.90 89.29 
40. 26 85-107 93.73 6.16 
45. 32 124-146 133.94 5.84 
46. 34 87-113 99.65 5.66 
47. 33 112-140 124.48 7.66 
48. 35 65-86 74.83 5.11 
51. 38 35-41 38.12 1.42 
52. 38 28-47 35.40 3.41 
54. 35 22-34 26.94 2.57 
55. 35 48-62 53.17 3.23 
62. 30 37-52 43.33 3.21 
63. 35 33-44 39.34 2.82 
65. 27 103-136 122.04 6.00 
66. 32 92-118 102.03 5.69 
69. 37 29-42 34.30 3.35 
70. 38 54-81 65.97 6.72 
71. 41 29-38 33.37 2.77 
72. 28 78-97 85.61 4.48 
Stature 44 160.1-174.0 167.16 3.28 
Sex. i. 50 0 - + 2 0.96 0.46 
5 : 8 29 57-82 66.48 5.10 
20:1 36 55-70 62.83 2.52 
20 :8 36 72-88 78.28 4.10 
6 6 : 4 5 25 70-86 75.84 4.20 
45 :8 32 85-99 91.94 3.82 
9 : 4 5 32 65-82 71.50 3.35 
8:1 42 68-88 80.05 4.05 
17:1 30 67-77 71.10 2.93 
17:8 30 80-104 88.63 5.89 
9 : 8 41 58-75 65.85 3.11 
4 7 : 4 5 28 79-103 92.43 5.43 
48 :45 30 46-63 55.57 3.57 
52:51 38 76-124 90.45 8.62 
54:55 34 42-61 50.68 5.07 
63:62 29 75-105 90.93 7.28 
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Table 3. Parameters of some important measurements a n d indices for Avar females 
No. 
(Mar t in) 71 H> 
X s 
1. 39 161-191 176.51 7.00 
Ic. 39 161-187 173.95 6.47 
5. 26 85-110 95.46 5.69 
8. 44 124-154 140.43 7.41 
9. 42 85-102 92.71 3.95 
17. 27 114-142 124.93 6.54 
20. 35 100-119 109.49 4.83 
32/la. 25 42-54 47.76 3.18 
38. 26 1134-1516 1307.00 109.30 
40. 20 82-108 92.60 7.01 
45. 29 110-144 126.10 7.10 
46. 31 88-109 95.39 5.49 
47. 30 101-130 114.30 7.08 
48. 29 62-78 70.28 4.14 
51. 34 34-44 37.41 1.96 
52. 33 29-38 33.61 2.18 
54. 29 22-30 25.59 2.24 
55. 30 51-57 50.26 2.93 
62. 29 37-63 42.45 5.17 
63. 28 33-49 38.50 3.38 
65. 27 108-133 118.52 8.11 
66. 30 85-114 96.20 6.32 
69. 40 20-37 30.10 3.90 
70. 38 51-72 60.42 4.75 
71. 42 26-41 32.00 3.53 
72. 22 79-93 85.55 4.11 
Stature 39 153.1-167.6 159.45 3.01 
Sex. i. 52 0 — 2 - 1 . 0 7 0 .47 
5 : 8 25 58-83 67.72 5.36 
2 0 : 1 32 57-68 62.19 2.69 
20 :8 34 72-90 77.74 4.21 
66:45 21 65-87 76.91 5.25 
45 :8 27 73-97 89.15 5.27 
9 :45 28 65-82 73.61 3.65 
8:1 38 66-93 79.90 5.03 
17:1 25 65-77 71.24 2.88 
17:8 26 79-108 89.04 6.81 
9 : 8 37 57-73 65.81 3.55 
47 :45 25 81-101 90.60 3.55 
48 :45 25 50-61 55.40 3.30 
52:51 32 81-112 90.38 6.51 
54:55 27 39-61 50.74 5.33 
63:62 25 65-129 90.64 12.70 
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On November 2 0 , 1983 , D R . AMBRUS ÁBRAHÁM , academician, Kossuth Prize 
wi iner, emeritus Professor and Director of the Department of Zoology, celebrated 
his 90. birthday. He was awarded the Standard Order of the Hungarian People's 
Republic by the Presidium of the Hungarian People's Republic for his outstanding 
merits achieved in the field of his educational and research activities for over several 
decades. The Hungarian Academy of Sciences and the leaders of the county offered 
him their congratulations on this occasion. At the special session organized by the 
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Department of Zoology and the Center in Szeged of the Hungarian Society of Biology 
(December 8 , 1 9 8 3 ) , the former students and co-workers of D R . AMBRUS Á B R A H Á M , 
academician, expressed their esteem to him with their lectures. At this session, 
DR. IMRE TÖRŐ, academician. President of the Hungarian Society of Biology, handed 
over the greatest Hungarian Biologist Medal, the GELEI Medallion, to the person 
feted. 
Necrologue 
PROF. D R . PÁL GREGUSS ( 1 8 8 9 - 1 9 8 4 ) 
D R . PÁL GREGUSS retired professor died at the age of 9 5 on 23rd March. 1 9 8 4 . 
With his death we lost one of the greatest Hungarian botanic-anatomists. 
Professor GREGUSS was the head of the Department of Botany and the director 
of the Botanical Garden in Szeged for 25 years. 
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He was born in Tornya, in the County of Arad, on 31st December, in 1889. 
After attending school in Arad he began his university studies in Budapest, where he 
qualified as a teacher of biology and chemistry. 
During World War I. he worked as a soldier at the University in Prague. After 
returning home, he taught at a Teachers' Training College. He acquired the title of 
university doctor in Budapest in 1919. He was one of the assistents of Professor 
F. H O L L E N D O N N E R at the Teachers' Training College in 1920. He was appointed 
honorary lecturer at the PÉTER P Á Z M Á N Y University in 1927. In the same year he was 
invited to organize and direct the Department of Botany at Debrecen University. 
A year later he was appointed professor at the Teachers' 1 raining College in Szeged. 
Alter the death of I. G Y Ö R E F Y he was appointed professor in the Department of 
Botany at Szeged university in 1940. Here he worked with inexhaustible energy, 
and directed the teaching and research work for 25 years. 
He had an extraordinary memory and constitution. Even 2 days before his 
death he was in the Department in his small room, where full of plans and conception, 
he was still working. He dealt with almost all branches of botany (Palynology, 
morphology, histology, xylotomy, genetic, taxonomy, etc.). 
His first article was published at the age of 20, in 1909. As a result of 75 years 
of hard, persistent research work he published 46 books (handbooks and textbooks), 
10 university text-books and 254 articles (scientific, educational etc.). 
He continued his research work even after his retirement (1965). He was one of 
the most prolific . 
His life served as an excellent example to illustrate that a person who wants to 
work after his retiring can do very well. During the years of retirement Professor 
G R E G U S S wrote 61 articles. At present two of his major works are still in print. 
From the beginning of the 1930's, he took up the research of extinct plants 
(fossils). His monograph entitled "Közép-Európai lomblevelű fák és cserjék meg-
határozása szövettani alapon" was published in 1947 and it made his name known 
among phytotomists. 
Then his attention turned to the research of the structure of the gymnosperm 
and he completed his monograph entitled "Identification of Living Gymnosperms 
on the Basis of Xylotomy" in 1955 which contains 360 gymnospermous plants. 
This monograph has become known all over the world. 
As the author of several books and papers Professor P Á L G R E G U S S is known as a 
xylotomist for biologists in many countries. 
During the four decades he spent as a professor he trained generations of teachers 
and researchers. They are now professors and highly qualified researchers taking a 
prominent part in the Hungarian world of science. 
The main object of the lectures of Professor G R E G U S S was to present the theory 
of evolution. In this excellent lectures he suggested love for nature, life and humanity. 
In this context he often spoke of the three greatest gifts of life namely about know-
ledge, love and health. He had a great share in all the three. His students loved him 
and attended his lectures with pleasure. He dealt with the flora of the different 
geological epochs in a clear and suggestive way. 
Beside being a scientist and lecturer he was a man of public as well. He became 
the President of the Teachers' Trade Union formed in 1945 in Szeged. He was elected 
to be the Rector of our University in 1956. 
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He was rewarded many times in recognition of his scientific and educational 
work, the most important being the Kossuth Prize and the Order Decorated with 
the Flag of the Hungarian People's Republic. 
The death of Professor GREGUSS is a grievous loss for both our university and 
Hungarian botany. 
His name is enshrined in our memory for ever. 
Editor's Note: 
As for the scientific publications of Professor GREGUSS see our next number. 
Due to the great number of writings the material is being prepared for the press. 
DR. S . GULYÁS 
Doctor honoris causae 
DR. A. A. KRASNOVSKY, Member of the Academy of Sciences of USSR, Head of the 
Photobiological Laboratory at the Bach Biochemical Institute. 
Scientific Degrees 
Doctors of Biological Sciences obtained by: 
D R . L . O R O S Z (Department of Genetics) with the dissertation "The moderate bac-
teriophage molecular genetics of Rhizobium meliloti 16-3", and by. 
DR . F. ZSOLDOS (Department of Plant Physiology) with the dissertation "The effect 
of environmental factors on the ion uptake of plants". 
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VARIA 
The 9 biological departments have been integrated into a department group 
(Zoology, Biophysics, Biochemistry, Anthropology, Genetics, Microbiology, Plant 
Physiology, Botany and Comparative Physiology), of which DR. L. SZALAY, Professor, 
h^ad of the Department of Biophysics, became the director. 
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